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The  Fibst  Edition  of  my  'Geological  Observations 
on  the  Volcanic  Islands,'  visited  during  the  voyage 
of  H.M.S.  '  Beagle,'  under  the  command  of  Capt.  Fitz- 
Koy,  E.N.,  was  published,  with  the  approval  of  the 
I^rds  Conmiissioners  of  Her  Majesty's  Treasury,  in  the 
year  1844;  and  my  'Observations  on  South  America,' 
in  1846.  As  both  these  works  are  now  out  of  print,  and 
as  I  believe  that  they  still  contain  matter  of  scientific 
value,  it  has  appeared  to  me  advisable  that  they  should 
lie  republished.  They  relate  to  parts  of  the  world 
which  have  been  so  rarely  visited  by  men  of  science, 
that  I  am  not  aware  that  much  could  be  corrected  or 
added  from  observations  subsequently  made. 

Owing  to  the  great  progress  which  Geology  has 
made  within  recent  times,  niy  views  on  some  few  points 
may  be  somewhat  antiquated ;  but  I  have  thought  it 
best  to  leave  them  as  they  originally  appeared.  In 
order  to  complete  my  account  of  the  Geological  Obser- 
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vations  made  during  the  voyage  of  the  '  Beagle,'  I  will 
here  give  references  to  four  papers  which  were  separately 
published.  First, '  On  the  Connection  of  certain  Vol- 
canic Phenomena  in  South  America,'  read  in  1838,  and 
published  in  Volume  V.  of  the  'Transactions  of  the 
Geological  Society.'  Secondly,  '  On  the  Distribution 
of  the  Erratic  Boulders  and  on  the  contemporaneous 
Stratified  Deposits  of  South  America,'  read  in  1841,  and 
published  in  Volume  VI.  of  the  '  Transactions '  of  the 
same  Society.  Thirdly,  *  An  Account  of  the  Fine  Dust 
which  often  fsdls  on  Vessels  in  the  Atlantic  Ocean : ' 
'Proceedings  of  the  Geological  Society,'  June  4,  1845. 
Fourthly,  on  March  25,  1846,  in  the  same  Journal, 
'  On  the  Geology  of  the  Falkland  Islands.' 
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CHAPTER  L 

ST.   JAGO,   IN   THE   CAPE   D£  VERDE   ABCHIPELAOO. 

Bocks  of  the  lowest  sfries.  —A  calcareotis  sedimentary  deposit^  with  recent 
shells,  altered  by  the  contact  of  st^perincumbent  lava^  its  horizontality 
and  extent — Subsequent  voicanic  eruptions,  associated  with  calcareous 
matter  in  an  earthy  and  fibrous  form,  and  often  enclosed  within  the 
separate  cells  of  the  scoria — Ancient  and  obliterated  orifices  of  eruption 
of  small  size — Difficulty  of  tracing  over  a  bare  plain  recent  stremns  of 
lava — Inlajid  hills  of  more  ancient  volcanic  rock — decomposed  olivine  in 
large  masses — Feldspathic  rocks  beneath  the  upper  orystalline  basaltic 
strata —  Uniform  structure  and  form  of  the  more  ancient  volcanic  hills — 
Form  of  the  valleys  near  the  coast — Conglo^nerate  now  forming  on  the 
sea  beach. 

The  island  of  St.  Jago  extends  in  a  NNW.  and  SSE. 
direction,  thirty  miiea  in  length  by  about  twelve  in 
breadth.  My  observations,  made  during  two  visits,  were 
confined  to  the  southern  portion  within  the  distance  of 
a  few  leagues  from  Porto  Praya.  The  country,  viewed 
from  the  sea,  presents  a  varied  outline  :  smooth  conic^ 
hills  of  a  reddish  colour  (like  Red  Hill  in  the  accompany- 
ing woodcut),^  and  others  less  regular,  flat-topped,  and 
of  a  blackish  colour  (like  A,  B,  C,)  rise  from  successive, 
step-formed  plains  of  lava.  At  a  distance,  a  chain  of 
mountains,  many  thousand  feet  in  height,  traverses  the 
interior  of  the  island.  There  is  no  active  volcano  in 
St.  Jago,  and  only  one  in  the  group,  namely  at  Fogo, 

»  The  outline  of  the  coast,  the  position  of  the  villages,  streamlets, 
and  of  most  of  the  hills  in  this  woodcut,  are  copied  from  the  chart 
made  on  board  H.M.S.  *Leven.'  The  square-topped  hills  (At  B,  C,  &c.) 
are  pat  in  merely  by  eye,  to  illustrate  my  description. 
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The  isIaDd  since  being  inhabited  has  not  sufTered  from 

desttvctfve  earthquakes. 
,  Tbfe  lowest  rocks  exposed  on  the  coast  near  Porto 

Pfajna,  are  highly  crystalline  and  compact ;  they  appear 

tp^  J)e  of  ancient,  submaidne,  volcanic  origin ;  they  are 
..  unconformably  covered  by  a  thin,  irregular,  calcareous 

/deposit,  abounding  with  shells  of  a  late  tertiary  period  ; 
.'•  and  this  again  is  capped  by  a  wide  sheet  of  basaltic  lava, 

which  has  flowed  in  successive  streams  from  the  interior 
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of  the  island,  between  the  square-topped  hills  maiked 
A,  B,  C,  &c.  Still  more  recent  streams  of  lava  have 
been  erupted  from  the  scattered  cones,  such  as  Red  and 
Signal  Post  Hills.  The  upper  strata  of  the  square- 
topped  hills  are  intimately  related  in  mineralogical 
composition,  and  in  other  respects,  with  the  lowest  series 
of  the  coastr-rocks,  with  which  they  seem  to  be  continuous. 
Mineralogical  description  of  the  rocks  of  the  loaves' 
series. — These  rocks  possess  an  extremely  varying  ch? 
acter ;  they  consist  of  black,  brown  and  gray,  comp' 
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basaltic  bases,  with  numerous  crystals  of  augite,  horn- 
blende, olivine,  mica,  and  sometimes  glassy  feldspar. 
A  common  variety  is  almost  entirely  composed  of  crystals 
of  augite  with  olivine.  Mica,  it  is  known,  seldom  occurs 
where  augite  abounds;  nor  probably  does  the  present 
case  offer  a  real  exception,  for  the  mica  (at  least  in  my 
best  characterised  specimen,  in  which  one  nodule  of  this 
mineral  is  nearly  half  an  inch  in  length,)  is  as  perfectly 
rounded  as  a  pebble  in  a  conglomerate,  and  evidently 
has  not  been  crystallised  in  the  base,  in  which  it  is  now 
inclosed,  but  has  proceeded  from  the  fusion  of  some  pre- 
existing rock.  These  compact  lavas  alternate  with  tuffs, 
amygdaloids  and  wacke,  and  in  some  places  with  coarse 
conglomerate.  Some  of  the  argillaceous  wackes  are  of 
a  dark  green  colom*,  others,  pale  yellowish-green,  and 
others  nearly  white ;  I  was  surprised  to  find  that  some 
of  the  latter  varieties,  even  where  whitest,  fused  into  a 
jet  black  enamel,  whilst  some  of  the  gi'een  varieties 
afforded  only  a  pale  gray  bead.  Numerous  dikes,  con- 
sisting chiefly  of  highly  compact  augitic  rocks,  and  of 
gray  amygdaloidal  varieties,  intersect  the  strata,  which 
have  in  several  places  been  dislocated  with  considerable 
violence,  and  thrown  into  highly-inclined  positions. 
One  line  of  disturbance  crosses  the  northern  end  of 
Quail  Island,  (an  islet  in  the  bay  of  Porto  Praya)  and 
can  be  followed  to  the  mainland.  These  disturbances 
took  place  before  the  deposition  of  the  recent  sediment- 
ary bed  ;  and  the  surface,  also,  Iiad  previously  been 
denuded  to  a  great  extent,  as  is  shown  by  many  trun- 
cated dikes. 

Description  of  the  calcareous  deposit  overlying  the 
foregoing  volcanic  rocks.— This  stratiun  is  very  con- 
spicuous from  its  white  colour,  and  from  the  extreme 
r^;ularity  with  which  it  ranges  in  a  horizontal  line  for 
some  miles  along  the  coast*     Its  average  height  above 
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the  sea,  measured  from  the  upper  line  of  junction  with 
the  superincumbent  basaltic  lava,  is  about  sixty  feet  ; 
and  its   thickness,  although  vaiying  much   from   the 
inequalities  of  the  underlying  formation,  may  be  esti- 
mated at  about  twenty  feet.     It  consists  of  quite  white 
calcareous  matter,  partly  composed  of  organic  debris, 
and  partly  of  a  substance  which  may  be  aptly  compared 
in  appearance  with  mortar.      Fragments  of  rock  and 
pebbles  are  scattered  throughout  this  bed,  often  forming, 
especially  in  the  lower  part,  a  conglomerate.      Many 
of  the  fragments  of  rock  are  whitewashed  with  a  thin 
coating  of  calcareous  matter*     At  Quail  Island,  the 
calcareous  deposit  is  replaced  in  its  lowest  part  by  a 
soft,  brown,  earthy   tuff,   full  of  Turritellae  ;    this   is 
covered  by  a  bed  of  pebbles,  passing  into  sandstone,  and 
mixed  with  fragments  of  echini,  claws  of  crabs,  and 
shells;  the  oyster  shells  still  adhering  to  the  rock  on 
which  they  grew.     Numerous  white  balls  appearing  like 
pisolitic  concretions,  from  the  size  of  a  walnut  to  that  of 
an  apple,  are  embedded  in  this  deposit ;  they  usually 
have  a  small  pebble  in  their  centres.     Although  so  like 
concretions,  a  close  examination  convinced  me  that  they 
were  Nulliporae,  retaining  their  proper  forms,  but  with 
their  surfaces  slightly  abraded :  these  bodies  (plants  as 
they  are  now  generally  considered  to  be)  exhibit  under  a 
microscope  of  ordinary  power,  no  traces  of  organisation 
in  their  internal  structure.     Mr.  George  E.  Sowerby 
has  been  so  good  as  to  examine  the  shells  which  I  col- 
lected :  there  are  fourteen  species  in  a  sufficiently  perfect 
condition  for  their  characters  to  be  made  out  with  some 
degree  of  certainty,  and  four  which  can  be  referred  onb 
to  their  genera.     Of  the  fourteen  shells,  of  which  a  lis 
is  given  in  the  Appendix,  eleven  are  recent  species ;  on 
though  undescribed,  is  perhaps  identical  with  a  sper 
which  I  found  living  in  the  harbour  of  Porto  Pra; 
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the  two  remaining  species  are  unknown,  and  have  been 
described  by  Mr.  Sowerby.  Until  the  sheila  of  this 
Archipelago  and  of  the  neighbouring  coasts  are  better 
known,  it  would  be  rash  to  assert  that  even  these  two 
latter  shells  are  extinct.  The  number  of  species  which 
certainly  belong  to  existing  kinds,  although  few  in 
number,  are  sufficient  to  show  that  the  deposit  belongs 
to  a  late  tertiary  period.  From  its  mineralogical  char- 
acter, from  the  number  and  size  of  the  embedded 
fragments,  and  from  the  abundance  of  Patellae,  and 
other  littoral  sheik,  it  i»  evident  that  the  whole  was 
accumulated  in  a  shallow  sea,  near  an  ancient  coast-line. 
Effects  prodibced  by  theflowmg  of  the  auperincumr 
bent  basaltic  lava  aver  the  coLca/reous  deposit. — These 
effects  are  very  curious.  The  calcareous  matter  is  altered 
to  the  depth  of  about  a  foot  beneath  the  line  of  jimction ; 
and  a  most  perfect  gradation  can  be  traced,  from  loosely 
aggregated,  small,  particles  of  shells,  corallines,  and 
Nulliporae,  into  a  rock,  in  which  not  a  trace  of  mechan- 
ical origin  can  be  discovered,  even  with  a  microscope. 
Where  the  metamorphic  change  has  been  greatest,  two 
varieties  oecm*.  The  first  is  a  hard,  compact,  white, 
fine  grained  rock,  striped  with  a  few  parallel  lines  of 
black  volcanic  particles,  and  resembling  a  sandstone, 
but  which,  upon  close  examination,  is  seen  to  be  crystal- 
lised throughout,  with  the  cleavages  so  perfect  that  they 
can  be  readily  measured  by  the  reflecting  goniometer. 
In  specimens,  where  the  change  has  been  less  complete, 
when  moistened  and  examined  under  a  strong  lens,  the 
most  interesting  gradation  can  be  traced,  some  of  the 
rounded  particles  retaining  their  proper  forms,  and  others 
insensibly  melting  into  the  granulo-crystalline  paste. 
The  weathered  surface  of  this  stone,  as  is  so  frequently 
the  case  with  ordinary  limestones,  assumes  a  brick-red 
colour. 
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The  second  metamorphosed  variety  is  likewise  a  hard 
rock,  but  without  any  crystalline  structure.  It  consists 
of  a  white,  opaque,  compact,  calcareous  stone,  thickly 
mottled  with  rounded,  though  regular,  spots  of  a  soft, 
earthy,  ochraceous  substance.  This  earthy  matter  is  of 
a  pale  yellowish-brown  colour,  and  appears  to  be  a  mix- 
ture of  carbonate  of  lime  with  iron ;  it  effervesces  with 
acids,  is  infusible,  but  blackens  under  the  blowpipe,  and 
becomes  magnetic.  The  rounded  form  of  the  minute 
patches  of  earthy  substance,  and  the  steps  in  the  progress 
of  their  perfect  formation,  which  can  be  followed  in  a 
suit  of  specimens,  clearly  show  that  they  are  due  either 
to  some  power  of  aggregation  in  the  earthy  particles 
amongst  themselves,  or  more  probably  to  a  strong  at- 
traction between  the  atoms  of  the  carbonate  of  lime, 
and  consequently  to  the  segregation  of  the  earthy  ex- 
traneous matter.  I  was  much  interested  by  this  fact, 
because  I  have  often  seen  quai-tz  rocks  (for  instance,  in 
the  Falkland  Islands,  and  in  the  lower  Silurian  strata  of 
the  Stiper-stones  in  Shropshire),  mottled  in  a  precisely 
analogous  manner,  with  little  spots  of  a  white,  earthy 
substance  (earthy  feldspar?);  and  these  rocks,  there 
was  good  reason  to  suppose,  had  undergone  the  action  of 
heat, — a  view  which  thus  receives  confirmation.  This 
spotted  structure  may  possibly  afford  some  indication  in 
distinguishing  those  formations  of  quartz,  which  owe 
their  present  structure  to  igneous  action,  fix)m  those  pro- 
duced by  the  agency  of  water  alone :  a  som-ce  of  doubt, 
which  I  should  think  from  my  own  experience,  that 
most  geologists,  when  examining  arenaceo-quartzose  dis- 
tricts, must  have  experienced. 

The  lowest  and  most  scoriaceous  part  of  the  lava,  ir 
rolling  over  the  sedimentary  deposit  at  the  bottom  c 
the  sea,  has  caught  up  large  quantities  of  calcareou 
matter,  which  now  forms  a  snow-white,  highly  crystallir 
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basis  to  a  breccia,  including  small  pieces  of  black,  glossy 
scoriae.  A  little  above  this,  where  the  lime  is  less  abun- 
dant, and  the  lava  more  compact,  numerous  little  balls, 
composed  of  spicula  of  calcareous  spar,  radiating  from 
common  centres,  occupy  the  interstices.  In  one  part  of 
Quail  Island,  the  lime  has  thus  been  crystallised  by  the 
heat  of  the  supei'incumbent  lava,  where  it  is  only 
thirteen  feet  in  thickness  ;  nor  had  the  lava  been  origi- 
nally thicker,  and  since  reduced  by  degradation,  as  could 
be  told  from  the  degree  of  cellularity  of  its  surface.  I 
have  already  observed  that  the  sea  must  have  been 
shallow  in  which  the  calcareous  deposit  was  accumulated. 
In  this  case,  therefore,  the  carbonic  acid  gas  has  been 
retained  under  a  pressure.  Insignificant  compared  with 
that  (a  colimm  of  water,  1708  feet  in  height)  originally 
supposed  by  Sir  James  Hall  to  be  requisite  for  this 
end :  but  since  his  experiments,  it  has  been  discovered 
that  pressure  has  less  to  do  with  the  retention  of  carbonic 
acid  gas,  than  the  nature  of  the  circumjacent  atmo- 
sphere ;  and  hence,  as  is  stated  to  be  the  case  by  Mr. 
Faraday,*  masses  of  limestone  are  sometimes  fused  and 
crystallised  even  in  common  lime-kilns.  Carbonate  of 
lime  can  be  heated  to  almost  any  degree,  according  to 
Faraday,  in  an  atmosphere  of  carbonic  acid  gas,  without 
being  decomposed;  and  Gay-Lussac  found  that  frag- 
ments of  limestone,  placed  in  a  tube  and  heated  to  a 
degree,  not  sufficient  by  itself  to  cause  their  decomposi- 
tion, yet  immediately  evolved  their  carbonic  acid,  when 
a  stream  of  common  air  or  steam  was  passed  over  them : 
Gay-Lussac  attributes  this  to  the  mechanical  displace- 
ment of  the  nascent  carbonic  acid  gas.     The  calcareous 

'  I  am  much  indebted  to  Mr.  E.  W.  Brayley  in  having  given  me  the 
following  references  to  papers  on  this  subject :  Faraday,  in  the  •  Edin- 
burgh New  Philosophical  Journal/  vol.  xv.  p.  398 ;  Gay-Lussac,  in 
'  Annales  de  Chem.  et  Phys.,*  torn.  Ixiii.  p.219,  tninslate<l  in  the  '  London 
and  Edinburgh  Philosophical  Magazine,'  vol.  x.  p.  496. 
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matter  beneath  the  lava,  and  especially  that  forming  the 
crystalline  spicula  between  the  interstices  of  the  scoriae, 
although  heated  in  an  atmosphere  probably  composed 
chiefly  of  steam,  could  not  have  been  subjected  to  the 
effects  of  a  passing  stream ;  and  hence  it  is,  perhaps, 
that  they  have  retained  their  carbonic  acid,  under  a 
small  amount  of  pressure. 

The  fragments  of  scoriae,  embedded  in  the  crystalline 
calcareous  basis,  are  of  a  jet  black  colour,  with  a  glossy 
fracture  like  pitchstone.  Their  surfaces,  however,  are 
coated  with  a  layer  of  a  reddish-orange,  translucent 
substance,  which  can  easily  be  scratched  with  a  knife ; 
hence  they  appear  as  if  overlaid  by  a  thin  layer  of  rosin. 
Some  of  the  smaller  fragments  are  partially  changed 
throughout  into  this  substance:  a  change  which  appears 
quite  different  from  ordinary  decomposition.  At  the 
Gralapagos  Archipelago  (as  will  be  described  in  a  future 
chapter),  great  beds  are  formed  of  volcanic  ashes  and 
particles  of  scoriae,  which  have  undergone  a  closely 
similar  change. 

27ie  extent  and  horizontality  of  the  calcareous  stra- 
tum.— The  upper  line  of  siu^face  of  the  calcareous  stra- 
tum, which  is  so  conspicuous  from  being  quite  white  and 
so  nearly  horizontal,  ranges  for  miles  along  the  coast,  at 
the  height  of  about  sixty  feet  above  the  sea.     The  sheet 
of  basalt,  by  which  it  is  capped,  is  on  an  average  eighty 
feet  in  thickness.     Westward  of  Porto  Praya  beyond 
Red  Hill,  the  white  stratum  with  the  superincumbent 
basalt  is  covered  iip  by  more  recent  streams.     North- 
ward of  Signal  Post  Hill,  I  could  follow  it  with  my 
eye,  trending  away  for  several  miles  along  the  sea  cliffs. 
The  distance  thus  observed  is  about  seven  miles ;  br 
I  cannot  doubt  from  its  regularity  that  it  extends  mu< 
farther.     In  some  ravines  at  right  angles  to  the  coai 
it  is  seen  gently  dipping  towards  the  sea,  probably  w 
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the  same  inclination  as  when  deposited  round  the 
ancient  shores  of  the  island.  I  found  only  one  inland 
section,  namely,  at  the  base  of  the  hill  marked  A,  where, 
at  the  height  of  some  hundred  feet,  this  bed  was  ex- 
posed ;  it  here  rested  on  the  usual  compact  augitic  rock 
associated  with  wacke,  and  was  covered  by  the  wide- 
spread sheet  of  modem  basaltic  lava.  Some  exceptions 
occur  to  the  horizontality  of  the  white  stratum:  at 
Quail  Island,  its  upper  surface  is  only  forty  feet  above 
the  level  of  the  sea ;  here  also  the  capping  of  lava  is 
only  between  twelve  and  fifteen  feet  in  thickness ;  on 
the  other  hand,  at  the  NE.  side  of  Porto  Praya 
harbour,  the  calcareous  stratum,  as  well  as  the  rock  on 
which  it  rests,  attain  a  height  above  the  average  level : 
the  inequality  of  level  in  these  two  cases  is  not,  as  I 
believe,  owing  to  unequal  elevation,  but  to  original 
irregularities  at  the  bottom  of  the  sea.  Of  this  fact,  at 
Quail  Island,  there  was  clear  evidence  in  the  calcareous 
deposit  being  in  one  part  of  much  greater  than  the 
average  thickness,  and  in  another  part  being  entirely 
absent ;  in  this  latter  case,  the  modem  basaltic  lavas 
rested  directly  on  those  of  more  ancient  origin. 

Under  Signal  Post  Hill,  the  white  stratum  dips 
into  the  sea  in  a  remarkable  manner.  This  hill  is 
conical,  450  feet  in  height,  and  retains  some  traces  of 
having  had  a  crateriform  structure;  it  is  composed 
chiefly  of  matter  erupted  posteriorly  to  the  elevation  of 
the  great  basaltic  plain,  but  partly  of  lava  of  apparently 
submarine  origin  and  of  considerable  antiquity.  The 
surrounding  plain,  as  well  as  the  eastern  flank  of  this 
hill,  have  been  worn  into  steep  precipices,  overhanging 
the  sea.  In  these  precipices,  the  white  calq^reous 
stratum  may  be  seen,  at  the  height  of  about  70  feet 
above  the  beach,  running  for  some  miles  both  north- 
ward and  southward  of  the  hill,  in  a  line  appearing  to 
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be  perfectly  horizontal ;  but  for  a  space  of  a  quarter  of 
a  mile  directly  under  the  hill,  it  dips  into  the  sea  and 
disappears.  On  the  south  side  the  dip  is  gradual,  on 
the  north  side  it  is  more  abrupt,  as  is  shown  in  the 
woodcut.     As  neither  the  calcareous  stratum,  nor  the 
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SIONIL  POST  HILL. 

A— Ancient  volcanic  rocks.  B — Calcareous  stratum. 

C— Upper  basaltic  lava. 

superincumbent  basaltic  lava  (as  far  as  the  latter  can 
be  distinguished  from  the  more  modern  ejections), 
appear  to  thicken  as  they  dip,  I  infer  that  these  strata 
were  not  originally  accumulated  in  a  trough,  the 
centre  of  which  afterwards  became  a  point  of  eruption  ; 
but  that  they  have  subsequently  been  disturbed  and 
bent.  We  may  suppose  either  that  Signal  Post  Hill 
subsided  after  its  elevation  with  the  surrounding  country, 
or  that  it  never  was  uplifted  to  the  same  height  with  it. 
This  latter  seems  to  me  the  most  probable  alternative, 
for  during  the  slow  and  equable  elevation  of  this  portion 
of  the  island,  the  subterranean  motive  power,  from  ex- 
pending part  of  its  force  in  repeatedly  erupting  volcanic 
matter  from  beneath  this  point,  would,  it  is  likely,  have 
less  force  to  uplift  it.  Something  of  the  same  kind 
seems  to  have  occurred  near  Red  Hill,  for  when  tracing 
upwards  the  naked  streams  of  lava  from  near  Porto 
Praya  towards  the  interior  of  the  island,  I  was  strongly 
•  induced  to  suspect,  that  since  the  lava  had  flowed,  the 
slope  of  the  land  had  been  slightly  modified,  either  by  r 
small  subsidence  near  Red  Hill,  or  by  that  portion  c 
the  plain  having  been  uplifted  to  a  less  height  durin 
the  elevation  of  the  whole  area. 
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The  basaltic  lava,  superincumbent  on  tJie  col- 
careous  deposit. — This  lava  is  of  a  pale  gray  colour, 
fosing  into  a  black  enamel;  its  fracture  is  rather  earthy 
and  concretionary ;  it  contains  olivine  in  small  grains* 
The  central  parts  of  the  mass  are  compact,  or  at  most 
crenulated  with  a  few  minute  cavities,  and  are  often 
columnar.  At  Quail  Island  this  structure  was  assiuned 
in  a  striking  manner;  the  lava  in  one  part  being 
divided  into  horizontal  laminae,  which  became  in  another 
part  split  by  vertical  fissures  into  five-sided  plates;  and 
these  again,  being  piled  on  each  other,  insensibly 
became  soldered  together,  forming  fine  synmietrical 
columns.  The  lower  surface  of  the  lava  is  vesicular, 
but  sometimes  only  to  the  thickness  of  a  few  inches ; 
the  upper  surface,  which  is  likewise  vesicular,  is  divided 
into  balls,  frequently  as  much  as  three  feet  in  diameter, 
made  up  of  concentric  layers.  The  mass  is  composed  of 
more  than  one  stream  ;  its  total  thickness  being,  on  an 
average,  about  eighty  feet :  the  lower  portion  has  cer- 
tainly flowed  beneath  the  sea,  and  probably  likewise  the 
upper  portion.  The  chief  part  of  this  lava  has  flowed 
from  the  central  districts,  between  the  hills  marked 
A,  B,  C,  &c.  in  the  woodcut-map.  The  surface  of  the 
country,  near  the  coast,  is  level  and  barren ;  towards 
the  interior,  the  land  rises  by  successive  terraces,  of 
which  four,  when  viewed  from  a  distance,  could  be 
distinctly  counted. 

Volcanic  eruptions  subsequent  to  the  elevation  of 
the  coastland;  the  ejected  matter  associated  ivith  earthy 
lime. — These  recent  lavas  have  proceeded  from  those 
scattered,  conical,  reddish-coloured  hills,  which  rise 
abruptly  from  the  plain-country  near  the  coast.  I 
ascended  some  of  them,  but  will  describe  only  one, 
namely.  Bed  Hilly  which  may  serve  as  a  type  of  its  class, 
and  is  remarkable  in  some  especial  respects.     Its  height 
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is  about  600  feet ;  it  is  composed  of  bright  red,  highly 
scoriaceous  rock  of  a  basaltic  nature  ;  on  one  side  of  its 
summit  there  is  a  hollow,  probably  the  last  remnant  of 
a  crater.     Several  of  the  other  hills  of  this  class,  judging 
from   their  external  forms,  are  surmounted  by  much 
more  perfect  craters.     When  sailing  along  the  coast,  it 
was  evident  that  a  considerable  body  of  lava  had  flowed 
from  Bed  Hill,  over  a  line  of  cliff  about  120  feet  in 
height,  into  the  sea:  this  line  of  cliff  is  continuous 
with  that  forming  the  coast,  and  bounding  the  plain  on 
both  sides  of  this  hill ;  these  streams,  therefore,  were 
erupted,  after  the  formation  of  the  coast-cliffs,  from 
Red  HilL  when  it  must  have  stood,  as  it  now  does, 
above  the  level  of  the  sea.     This  conclusion  accords 
with  the  highly  scoriaceous  condition  of  all  the  rock  on 
it,  appearing  to  be  of  subaerial  formation  ;  and  this  is 
important,  as  there  are  some  beds  of  calcareous  matter 
near  its  summit,  which  might,  at  a  hasty  glance,  have 
been  mistaken  for  a  submarine  deposit.     These  beds 
consist  of  white,  earthy,  carbonate  of  lime,  extremeb 
friable  so  as  to  be  crushed  with  the  least  pressiu-e  ;  th 
most  compact  specimens  not  resisting  the  strength  c 
the  fingers.     Some  of  the  masses  are  as  white  as  quid 
lime,  and  appear  absolutely  pure ;  but  on  examinii 
them  with  a  lens,  minute  particles  of  scoriae  can  alwf 
be  seen,  and  I  could  find  none  which,  when  dissolved 
acids,  did  not  leave  a  residue  of  this  nature.     It 
moreover,  difficult  to  find  a  particle  of  the  lime  wl 
does  not  change  colour  under  the  blowpipe,  mos 
them  even  becoming  glazed.     The   scoriaceous  \ 
ments  and  the  calcareous  matter  are  associated  ii 
most  irregular  manner,  sometimes  in  obscure  beA 
moire  generally  as  a  confused  breccia,  the  lime  in 
parts  and  the  scoriae  in  others  being  most  abui 
Sir  H.  De  la  Beche  has  been  so  kind  as  to  have  w 
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the  purest  specimens  analysed,  with  a  view  to  discover^ 
considering  their  volcanic  origin^  whether  they  con- 
tained much  magnesia ;  but  only  a  small  portion  was 
found,  such  as  is  present  in  most  limestones. 

Fragments  of  the  scorise  embedded  in  the  calcareous 
mass,  when  broken,  exhibit  many  of  their  cells  lined 
and  partly  filled  with  a  white,  delicate,  excessively 
fragile,  moss-like,  or  rather  conferva-like,  reticulation 
of  carbonate  of  linle.  These  fibres,  examined  under  a 
lens  of  one-tenth  of  an  inch  focal  distance,  appear 
cylindrical ;  they  are  rather  above  the  y^g^  of  an  inch 
in  diameter ;  they  are  either  simply  branched,  or  more 
commonly  united  into  an  irregular  mass  of  net-work, 
with  the  meshes  of  very  unequal  sizes  and  of  unequal 
numbers  of  sides.  Some  of  the  fibres  are  thickly 
covered  with  extremely  minute  spicula,  occasionally 
aggregated  into  little  tufts ;  and  hence  they  have  a 
hairy  appearance.  These  spicula  are  of  the  same  dia- 
meter throughout  their  length ;  they  are  easily  detached^ 
80  that  the  object-glass  of  the  microscope  soon  becomes 
scattered  over  with  them.  Within  the  cells  of  many 
fragments  of  the  scoriae,  the  lime  exhibits  this  fibrous 
structure,  but  generally  in  a  less  perfect  degree.  These 
cells  do  not  appear  to  be  connected  with  one  another. 
There  can  be  no  doubt,  as  will  presently  be  shown,  that 
the  lime  was  erupted,  mingled  with  the  lava  in  its  fluid 
state ;  and  therefore  I  have  thought  it  worth  while  to 
describe  minutely  this  curious  fibrous  structure,  of  which 
I  know  nothing  analogous.  From  the  earthy  condition 
of  the  fibres,  this  structure  does  not  appear  to  be  related 
to  crystallisation. 

Other  fragments  of  the  scoriaceous  rock  from  this 
hill,  when  broken,  are  often  seen  marked  with  short  and 
irregular  white  streaks,  which  are  owing  to  a  row  of 
separate  cells  being  partly,  or  quite,  filled  with  white 
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calcareous  powder.  This  structure  immediately  re- 
minded me  of  the  appearance  in  badly  kneaded  dough, 
of  balls  and  drawn-out  streaks  of  flour,  which  have  re- 
mained unmixed  with  the  paste ;  and  I  cannot  doubt 
that  small  masses  of  the  lime,  in  the  same  manner  re- 
maining unmixed  with  the  fluid  lava,  have  been  drawn 
out  when  the  whole  was  in  motion.  I  carefully  ex- 
amined, by  trituration  and  solution  in  acids,  pieces  of 
the  scorise,  takenfrom  within  half-an-inch  of  those  cells 
which  were  filled  with  the  calcareous  powder,  and  they 
did  not  contain  an  atom  of  free  lime.  It  is  obvious 
that  the  lava  and  lime  have  on  a  large  scale  been  very 
imperfectly  mingled ;  and  where  small  portions  of  the 
lime  have  been  entangled  within  a  piece  of  the  viscid 
lava,  the  cause  of  their  now  occupying,  in  the  form  of 
a  powder  or  of  a  fibrous  reticulation,  the  vesicular 
cavities,  is,  I  think,  evidently  due  to  the  confined  gases 
having  most  readily  expanded  at  the  points  where  the 
incoherent  lime  rendered  the  lava  less  adhesive. 

A  mile  eastward  of  the  town  of  Praya,  tliere  is 
a  steep-sided  gorge,  about  150  yards  in  width,  cutting 
through  the  basaltic  plain  and  underlying  beds,  but 
since  filled  up  by  a  stream  of  more  modem  lava.  This 
lava  is  dark  gray,  and  in  most  parts  compact  and  rudely 
columnar ;  but  at  a  little  distance  from  the  coast,  it 
includes  in  an  irregular  manner  a  brecciated  mass  of 
red  scorise  mingled  with  a  considerable  quantity  of 
white,  friable,  and  in  some  pails,  nearly  piu-e  earthy 
lime,  like  that  on  the  summit  of  Red  Hill.  This  lava, 
with  its  entangled  lime,  has  certainly  flowed  in  the 
form  of  a  regular  stream ;  and,  judging  from  the  shape 
of  the  gorge,  towards  which  the  drainage  of  the  country 
(feeble  though  it  now  be)  still  is  directed,  and  from  the 
appearance  of  the  bed  of  loose  water-worn  blocks  with 
their   interstices  unfilled,  like  those  in  the  bed  of  a 
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torrent,  on  which  the  lava  rests,  we  may  conclude  that 
the  stream  was  of  subaerial  origin.  I  was  unable  to 
trace  it  to  its  source,  but,  from  its  direction,  it  seemed 
to  have  come  from  Signal  Post  Hill,  distant  one  mile 
and  a  quarter,  which,  like  Bed  Hill,  has  been  a  point 
of  eruption  subsequently  to  the  elevation  of  the  great 
basaltic  plain.  It  accords  with  this  view,  that  I  foimd 
on  Signal  Post  Hill,  a  mass  of  earthy,  calcareous  matter 
of  the  same  nature,  mingled  with  scoriae.  I  may  here 
observe  that  part  of  the  calcareous  matter  forming  the 
horizontal  sedimentary  bed,  especially  the  finer  matter 
with  which  the  embedded  fragments  of  rock  are  white- 
washed, ha?  probably  been  derived  from  similar  volcanic 
eruptions,  as  well  as  from  triturated  organic  remains : 
the  underlying,  ancient,  crystalline  rocks,  also,  are  as- 
sociated with  much  carbonate  of  lime,  filling  amygda- 
loidal  cavities,  and  forming  irregular  masses,  the  nature 
of  which  latter  I  was  unable  to  understand. 

Considering  the  abundance  of  earthy  lime  near  the 
summit  of  Bed  Hill,  a  volcanic  cone  600  feet  in  height, 
of  subaerial  growth,— considering  the  intimate  manner 
in  which  minute  particles  and  large  masses  of  scoriae 
are  embedded  in  the  masses  of  nearly  pure  lime,  and 
on  the  other  hand,  the  manner  in  which  small  kernels 
and  streaks  of  the  calcareous  powder  are  included  in 
solid  pieces  of  the  scorise, — considering,  also,  the  similar 
occurrence  of  lime  and  scorise  within  a  stream  of  lava, 
also  supposed,  with  good  reason,  to  have  been  of  modem 
subaerial  origin,  aud  to  have  flowed  from  a  hill,  where 
earthy  lime  also  occurs:  I  think,  considering  these 
&cts,  there  can  be  no  doubt  that  the  lime  has  been 
erupted,  mingled  with  the  molten  lava.  I  am  not 
aware  that  any  similar  case  has  been  described :  it 
appears  to  me  an  interesting  one,  inasmuch  as  most 
geologists    must    have    speculated    on    the    probable 
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effects  of  a  volcanic  focus,  bursting  through  deep-seated 
beds  of  different  mineralogical  composition.  The  great 
abundance  of  free  silex  in  the  trachytes  of  some  coun- 
tries (as  described  by  Beudant  in  Hungary,  and  by 
P.  Scrope  in  the  Panza  Isbinds),  perhaps  solves  the  en- 
quiry with  respect  to  deep-seated  beds  of  quartz ;  and 
we  probably  here  see  it  answered,  where  the  volcanic 
action  has  invaded  subjacent  masses  of  limestone.  One 
is  naturally  led  to  conjecture  in  what  state  the  now 
earthy  carbonate  of  lime  existed,  when  ejected  with  the 
intensely  heated  lava :  from  the  extreme  cellularity  of 
the  scoriae  on  Red  Hill,  the  pressure  cannot  have  been 
great,  and  as  most  volcanic  eruptions  are  accompanied 
by  the  emission  of  large  quantities  of  steam  and  other 
gases,  we  here  have  the  most  favourable  conditions, 
according  to  the  views  at  present  entertained  by 
chemists,  for  the  expulsion  of  the  carbonic  acid.*  Has 
the  slow  re-absorption  of  this  gas,  it  may  be  asked, 
given  to  the  lime  in  the  cells  of  the  lava,  that  peculiar 
fibrous  structure,  like  that  of  an  eflBorescing  salt? 
Finally,  I  may  remark  on  the  great  contrast  in  appear- 
ance between  this  earthy  lime,  which  must  have  been 
heated  in  a  free  atmosphere  of  steam  and  other  gases, 
while  the  white,  crystalline,  calcareous  spar,  produced  by 
a  single  thin  sheet  of  lava  (as  at  Quail  Island) rolling  over 
similar  earthy  lime  and  the  debris  of  organic  remains, 
at  the  bottom  of  a  shallow  sea. 

Signal  Post  Hill. — This  hill   has    already    been 

'  Whilst  deep  beneath  the  surface,  the  carbonate  of  lime  was,  I 
presume,  in  a  fluid  state.  Hutton,  it  is  known,  thought  that  all  amyg- 
daloids  were  produced  by  drops  of  molten  limestone  floating  in  the 
trap,  like  oil  in  water:  this  no  doubt  is  erroneous,  but  if  the  matter 
forming  the  summit  of  Red  Hill  had  been  cooled  under  the  pressure  ot 
a  moderately  deep  sea,  or  within  the  walls  of  a  dike,  we  should,  in  all 
probability,  hare  had  a  trap  rock  associated  with  large  masses  of  com- 
pact, erystalb'ne,  calcareous  spar,  which,  according  to  the  views  enter- 
tained by  many  geologists,  would  have  been  wrongly  attributed  to  sub- 
flequent  infiltration. 
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Beveral  times  mentioned,  especially  with  reference  to 
the  remarkable  manner  in  which  the  white  calcareous 
stratum,  in  other  parts  so  horizontal  (Woodcut  No.  2), 
dips  under  it  into  the  sea.     It  is  a  broad  summit,  with 
obscure  traces  of  a  crateriform  structure,  and  is  com- 
posed of  basaltic  rocks,'  some  compact,  others  highly 
cellular,  with  inclined  beds  of  loose  scoriae,  of  which 
some  are  associated  with  earthy  lime.     Like  Red  Hill, 
it  has  been  the  source  of  eruptions,  subsequently  to  the 
elevation  of  the  surrounding  basaltic  plain  ;  but  unlike 
that   hill,  it  has  undergone  considerable  denudation, 
and  has  been  the  seat  of  volcanic  action  at  a  remote 
period,  when  beneath  the  sea.     I  judge  of  this  latter 
circumstance  from  finding  on  its  inland  flank  the  last 
remnants   of  three   small   points   of  eruption.     These 
points   are   composed   of  glossy  scoriae,  cemented  by 
crystalline  calcareous  spar,  exactly  like  the  great  sub- 
marine calcareous  deposit,  where  the  heated   lava  has 
rolled  over  it :  their  demolished  state  can,  I  think,  be 
explained  only  by  the  denuding  action  of  the  waves  of 
the  sea.     I  was  guided  to  the  first  orifice  by  observing 
a  sheet  of  lava,  about  200  yards  square,  with  steepish 
sides,  superimposed  on  the  basaltic  plain,  with  no  adjoin- 
ing hillock,  whence  it  could  have  been  erupted ;  and 
the  only  trace  of  a  crater  which  I  was  able  to  discover, 
consisted  of  some  inclined  beds  of  scoriae  at  one  of  its 
comers.     At  the  distance  of  fifty  yards  from  a  second 
level-topped  patch  of  lava,  but  of  much  smaller  size,  I 

*  Of  these,  one  common  yariety  is  romarkablo  for  being  full  of  small 
frsigments  of  a  dark  jasper-red  e^irthy  mineral,  which,  when  examined 
carefully,  shows  an  indistinct  cleavage;  the  little  fragments  are  elon- 
gat4jd  in  form,  are  soft,  are  mHgu<'tic  before  and  after  being  heated,  and 
fuse  with  difficulty  into  a  dull  enamel.  This  mineral  is  evidently 
closely  related  to  the  oxides  of  iron,  but  I  cannot  ascertain  what  it 
exactly  is.  The  rock  containing  this  mineral  is  crenulated  with  small 
angular  cavities,  which  are  lined  and  filled  with  yellowish  cr}-8tala  of 
carbonate  of  lime. 
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found  an  irregular  circular  group  of  masses  of  cemented, 
Bcoriaceous  breccia,  about  six  feet  in  height,  which 
doubtless  had  once  formed  the  point  of  eruption.  The 
third  orifice  is  now  marked  only  by  an  irregular  circle 
of  cemented  scoriae,  about  four  yards  in  diameter,  and 
rising  in  its  highest  point  scarcely  three  feet  above  the 
level  of  the  plain,  the  surface  of  which,  close  all  round, 
exhibits  its  usual  appearance:  here  we  have  a  hori- 
zontal basal  section  of  a  volcanic  spiracle,  which,  to- 
gether with  all  its  ejected  matter,  has  been  almost 
totally  obliterated. 

The  stream  of  lava,  which  fills  the  narrow  gorge  * 
eastward  of  the  town  of  Praya,  judging  from  its  course, 
seems,  as  before  remarked,  to  have  come  from  Signal 
Post  Hill,  and  to  have  flowed  over  the  plain,  after  its 
elevation :  the  same  observation  applies  to  a  stream 
(possibly  part  of  the  same  one)  capping  the  sea  cliffs,  a 
little  eastward  of  the  gorge.     When  I  endeavoured  to 
follow  these  streams  over  the  stony  level  plain,  which  is 
almost  destitute  of  soil  and  vegetation,  I  was  much 
surprised   to   find,   that   although   composed   of    hard 
basaltic  matter,  and  not  having  been  exposed  to  marine 
denudation,   all  distinct  traces  of  them  soon  become 
utterly  lost.     But  I  have  since  observed  at  the  Gala- 
pagos Archipelago,  that  it  is  often  impossible  to  follow 
even  great  deluges  of  quite  recent  lava  across  older 
streams,  except  by  the  size  of  the  bushes  growing  on 
them,  or  by  the  comparative  states  of  glossiness  of  their 
surfaces, — characters  which  a  short  lapse  of  time  would 
be  suflficient  quite  to  obscure.     I  mayiemark,  that  in  a 
country,  with  a  dry  climate,  and  with  the  wind  blowing 

*  The  sides  of  this  goi^e,  where  the  upper  basaltic  stratum  is  inter- 
sected, are  almost  perpendicular.  The  lava,  which  has  since  filled  it 
up,  is  attached  to  these  sides,  almost  as  firmly  as  a  dike  is  to  its  walls. 
In  most  cases,  where  a  stream  of  lava  has  flowed  down  a  vallej,  it  is 
bounded  on  each  side  bj  loose  scoriaceous  masses. 
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always  in  one  direction  (as  at  the  Cape  de  Verde  Archi- 
pelago), the  eflFects  of  atmospheric  degradation  are  pro- 
bably much  greater  than  would  at  first  be  expected  ; 
for  soil  in  this  case  accumulates  only  in  a  few  protected 
hollows,  and  being  blown  in  one  direction,  it  is  always 
travelling  towards  the  sea  in  the  form  of  the  finest  dust, 
leaving  the  surface  of  the  rocks  bare,  and  exposed  to 
tlie  full  efiects  of  renewed  meteoric  action. 

Inland  hills  of  more  ancient  volcanic  rocks. — These 
hills  are  laid  down  by  eye,  and  marked  as  A,  B,  C,  &c., 
in  the  woodcut-map.  They  are  related  in  mineralogical 
composition,  and  are  probably  directly  continuous  with 
the  lowest  rocks  exposed  on  the  coast.  These  hills, 
^'iewed  from  a  distance,  appear  as  if  they  had  once 
fonned  part  of  an  irregular  table-land,  and  from  their 
corresponding  structure  and  composition  this  probably 
has  been  the  case.  They  have  flat,  slightly  inclined 
summits,  and  are,  on  an  average,  about  600  feet  in 
height;  they  present  their  steepest  slope  towafdd  the 
interior  of  the  island,  from  which  point  they  radiate 
outwards,  and  are  separated  from  each  other  by  broad 
and  deep  valleys,  through  which  the  great  streams  of 
lava,  forming  the  coast-plains,  have  descended.  Their 
inner  and  steeper  escarpments  are  ranged  in  an  ir- 
regular curve,  which  rudely  follows  the  line  of  the  shore, 
two  or  three  miles  inland  from  it.  I  ascended  a  few  of 
these  hills,  and  from  others,  which  I  was  able  to  examine 
with  a  telescope,  I  obtained  specimens,  through  the 
kindness  of  Mr.  Kent,  the  assistant-surgeon  of  the 
^Beagle';  although  by  these  means  I  am  acquainted  with 
only  a  part  of  the  range,  five  or  six  miles  in  length,  yet 
I  scarcely  hesitate,  from  their  uniform  structure,  to 
affirm  that  they  are  parts  of  one  great  formation,  stretch- 
ing round  much  of  the  circumference  of  the  island. 

The  upner  and  lower  strata  of  these  hills   differ 
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greatly  in  composition.  The  upper  are  basaltic,  gener- 
ally compact,  but  sometimes  scoriaceous  and  amygda- 
loidal,  with  associated  masses  of  wacke  :  where  the  basalt 
is  compact,  it  is  either  fine-grained  or  very  coarsely 
crystallised  ;  in  the  latter  case  it  passes  into  an  augitic 
rock,  containing  much  olivine;  the  olivine  is  either 
colourless,  or  of  the  usual  yellow  and  dull  reddish 
shades.  On  some  of  the  hills,  beds  of  calcareous  matter, 
both  in  an  earthy  and  in  a  crystalline  form,  including 
fragments  of  glossy  scoriae,  are  associated  with  the 
basaltic  strata.  These  strata  dififer  from  the  streams  of 
basaltic  lava  forming  the  coast-plains,  only  in  being 
more  compact,  and  in  the  crystals  of  augite,  and  in  the 
grains  of  olivine  being  of  much  greater  size ; — characters 
which,  together  with  the  appearance  of  the  associated 
calcareous  beds,  induce  me  to  believe  that  they  are  of 
submarine  formation. 

Some  considerable  masses  of  wacke,  which  are 
associated  with  these  basaltic  strata,  and  which  likewise 
occur  in  the  basal  series  on  the  coast,  especially  at 
Quail  Island,  are  ciuious.  They  consist  of  a  pale 
yellowish-green  argillaceous  substance,  of  a  crumbling 
texture  when  dry,  but  unctuous  when  moist:  in  its 
purest  form,  it  is  of  a  beautiful  green  tint,  with 
translucent  edges,  and  occasionally  with  obscure  traces 
of  an  original  cleavage.  Under  the  blowpipe  it  fuses 
very  readily  into  a  dark  gray,  and  sometimes  even  black 
bead,  which  is  slightly  magnetic.  From  these  char- 
acters, I  naturally  thought  that  it  was  one  of  the  pale 
species,  decomposed,  of  the  genus  augite ; — a  conclusion 
supported  by  the  unaltered  rock  being  full  of  large 
separate  crystals  of  black  augite,  and  of  balls  and 
irregular  streaks  of  dark  gray  augitic  rock.  As  the 
basalt  ordinarily  consists  of  augite,  and  of  olivine  often 
tarnished  and  of  a  dull  red  colour,  I  was  led  to  examine 
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the  stages  of  decomposition  of  this  latter  mineral,  and 
I  found,  to  my  surprise,  that  I  could  trace  a  nearly 
perfect  gradation  from  imaltered  olivine  to  the  green 
wacke.  Part  of  the  same  grain  under  the  blowpipe 
would  in  some  instances  behave  like  olivine,  its  colour 
bein^  only  slightly  changed,  and  part  would  give  a 
Uack  magnetic  bead.  Hence  I  can  have  no  doubt  that 
the  greenish  wacke  originally  existed  as  olivine;  but 
great  chemical  changes  must  have  been  effected  during 
the  act  of  decomposition  thus  to  have  altered  a  very 
hard,  transparent,  infusible  mineral,  into  a  soft,  unctu- 
ous, easily  melted,  argillaceous  substance.^ 

The  basal  strata  of  these  hills,  as  well  as  some 
neighbouring,  separate,  bare,  rounded  hillocks,  consist 
of  compact,  fine-grained,  non-crystalline  (or  so  slightly 
as  scarcely  to  be  perceptible,)  ferruginous  feldspathic 
rocks,  and  generally  in  a  state  of  semi-decomposition. 
Their  fracture  is  exceedingly  irregular,  and  splintery  ; 
yet  small  fragments  are  often  very  tough.  They 
contain  much  ferruginous  matter,  either  in  the  form  of 
minute  grains  with  a  metallic  lustre,  or  of  brown  hair- 
like threads :  the  rock  in  this  latter  case  assuming  a 
peeudo-brecciated  structure.  These  rocks  sometimes 
contain  mica  and  veins  of  agate.  Their  rusty  brown  or 
yellowish  colour  is  partly  due  to  the  oxides  of  iron,  but 

'  D*Aiibui8son, '  Traits  de  G^Dosie '  (torn.  ii.  p.  569),  mentions,  on 
the  authority  of  M.  Marcel  de  Serres,  masses  of  green  earth  near  Mont- 
pellier,  which  are  supposed  to  be  due  to  the  decomposition  of  olivine. 
I  do  not,  however,  find,  that  the  action  of  this  mineral  under  the  blow- 
pipe being  ADtirelj  altered,  as  it  becomes  decomposed,  has  been 
noticed ;  and  the  knowledge  of  this  fact  is  important,  as  at  first  it  ap- 
pears highly  improbable  that  a  hard,  transparent,  refractory  mineral 
shuuld  be  changed  into  a  soft,  easilj-fiised,  clay,  like  this  of  St.  Jago. 
I  shall  hereafter  describe  a  green  substance,  forming  threads  within  the 
cells  of  some  vesicular  basaltic  rocks  in  Van  Diemea's  Land,  which  be- 
have nnder  the  blowpipe  like  the  green  wacke  of  St.  Jago;  but  its 
occurrence  io  cylindrical  threads,  shows  it  can  not  have  resulted  from 
the  decomposition  of  olivine,  a  mineral  always  existing  in  the  form  of 
grains  or  oyiftalB. 
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chiefly  to  innumerable^  microscopically  minute,  black 
specks,  which,  when  a  fragment  is  heated,  are  easily 
fused,  and  evidently  are  either  hornblende  or  augite. 
These  rocks,  therefore,  although  at  first  appearing  like 
baked  clay  or  some  altered  sedimentary  deposit,  contain 
all  the  essential  ingredients  of  trachyte ;  from  which 
they  differ  only  in  not  being  harsh,  and  in  not  con- 
taining crystals  of  glassy  feldspar.  As  is  so  often 
the  case  with  trachytic  formation,  no  stratification  is 
here  apparent.  A  person  would  not  readily  believe  that 
these  rocks  could  have  flowed  as  lava  ;  yet  at  St.  Helena 
there  are  well  characterised  streams  (as  will  be  de^ribed 
in  an  ensuing  chapter)  of  nearly  similar  composition. 
Amidst  the  hillocks  composed  of  these  rocks,  I  found  in 
three  places,  smooth  conical  hills  of  phonolite,  abound- 
ing with  fine  crystals  of  glassy  feldspar,  and  with  needles 
of  hornblende.  These  cones  of  phonolite,  I  believe, 
bear  the  same  relation  to  the  surrounding  feldspathic 
strata  which  some  masses  of  coarsely  crystallised  augitic 
rock,  in  another  part  of  the  island,  bear  to  the  surround- 
ing basalt,  namely,  that  both  have  been  injected.  The 
rocks  of  a  feldspathic  nature  being  anterior  in  origin  to 
the  basaltic  strata,  which  cap  them,  as  well  as  to  the 
basaltic  streams  of  the  coast-plains,  accords  with  the 
usual  order  of  succession  of  these  two  grand  divisions  of 
the  volcanic  series. 

The  strata  of  most  of  these  hills  in  the  upper  part, 
where  alone  the  planes  of  division  are  distinguishable, 
are  inclined  at  a  small  angle  from  the  interior  of  the 
island  towards  the  sea-coast.  The  inclination  is  not 
the  same  in  each  hill ;  in  that  marked  A  it  is  less  than 
in  B,  D,  or  E ;  in  C  the  strata  are  scarcely  deflected 
from  a  horizontal  plane,  and  in  F  (as  far  as  I  could 
judge  without  ascending  it)  they  are  slightly  inclined 
in  a  reverse  direction,  that  is,  inwards  and  towards  thf 
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ceBtre  of  the  island.  Notwithstanding  these  difierences 
of  inclination,  their  correspondence  in  external  form, 
and  in  the  composition  both  of  their  upper  and  lower 
parts, — their  relative  position  in  one  curved  line,  with 
their  steepest  sides  turned  inwards, — all  seem  to  show 
that  they  originally  formed  parts  of  one  platform  ; 
which  platform,  as  before  remarked,  probably  extended 
round  a  considerable  portion  of  the  circiunference  of 
the  island.  The  upper  strata  certainly  flowed  as  lava, 
and  probably  beneath  the  sea,  as  perhaps  did  the  lower 
feldspathic  masses  :  how  then  come  these  strata  to  hold 
their  present  position,  and  whence  were  they  erupted  ? 

In  the  centre  of  the  island  ^  there  are  lofty  moun- 
tains, but  they  are  separated  from  the  steep  inland 
flanks  of  these  hills  by  a  wide  space  of  lower  country  : 
the  interior  mountains,  moreover,  seem  to  have  been 
the  source  of  those  great  streams  of  basaltic  lava  which, 
contracting  as  they  pass  between  the  bases  of  the  hills 
in  question,  expand  into  the  coast-plains.  Round  the 
shores  of  St.  Helena  there  is  a  rudely-formed  ring  of 
basaltic  rocks,  and  at  Mauritius  there  are  remnants  of 
another  such  a  ring  round  part,  if  not  round  the  whole, 
of  the  island  ;  here  again  the  same  question  immediately 
occurs,  how  come  these  masses  to  hold  their  present 
position,  and  whence  were  they  erupted  ?  The  same 
answer,  whatever  it  may  be,  probably  applies  in  these 
three  cases ;  and  in  a  future  chapter  we  shall  recur  to 
this  subject. 

Valleys  near  the  coast — These  are  broad,  very  flat. 


*  I  saw  very  little  of  the  inland  parts  of  the  island.  Near  the 
Tillaj^e  of  St.  I)omingo,  there  are  magnificent  cliflfe  of  rather  coarsely 
crystallised  basaltic  lava.  Following  the  little  stream  in  this  valley, 
ahout  a  mile  above  the  village,  the  base  of  the  great  cliff  was  formed  of 
a  compact  fine-grained  basalt,  conformably  covered  by  a  bed  of  pebbles. 
Near  Fuentes,  I  met  with  pap-formed  hills  of  the  compact  feldspathic 
series  of  rocks. 
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and  generally  bounded  by  low  cliflf-formed  sides.  Por- 
tions of  the  basaltic  plain  are  sometimes  nearly  or  quite 
isolated  by  them ;  of  which  fact,  the  place  on  which 
the  town  of  Praya  stands  offers  an  instance.  The  great 
valley  west  of  the  town  has  its  bottom  filled  up  to  a 
depth  of  more  than  twenty  feet  by  well-rounded  pebbles, 
which  in  some  parts  are  firmly  cemented  together  by 
white  calcareous  matter.  There  can  be  no  doubt,  from 
the  form  of  these  valleys,  that  they  were  scooped  out  by 
the  waves  of  the  sea,  during  that  equable  elevation  of 
the  land,  of  which  the  horizontal  calcareous  deposit, 
with  its  existing  species  of  marine  remains,  gives  evi- 
dence. Considering  how  well  shells  have  been  preserved 
in  this  stratum,  it  is  singular  that  I  could  not  find  even  a 
single  small  fragment  of  shell  in  the  conglomerate  at 
the  bottom  of  the  valleys.  The  bed  of  pebbles  in  the 
valley  west  of  the  town  is  intersected  by  a  second  valley 
joining  it  as  a  tributary,  but  even  this  valley  appears 
much  too  wide  and  flat-bottomed  to  have  been  formed 
by  the  small  quantity  of  water,  which  falls  only  during 
one  short  wet  season ;  for  at  other  times  of  the  year 
these  valleys  are  absolutely  dry. 

Recent  conglomerate. — On  the  shores  of  Quail 
Island,  I  found  fragments  of  brick,  bolts  of  iron, 
pebbles,  and  large  fragments  of  basalt,  united  by  a 
scanty  base  of  impure  calcareous  matter  into  a  firm 
conglomerate.  To  show  how  exceedingly  firm  this  recent 
conglomerate  is,  I  may  mention,  that  I  endeavoured 
with  a  heavy  geological  hammer  to  knock  out  a  thick 
bolt  of  iron,  which  was  embedded  a  little  above  low- 
water  mark,  but  was  quite  unable  to  succeed. 
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Fbbkando  Noronha— Pr««pi7oM«  hiU  of  phonoHte.  Tbbceisa — 
Trachyiie  rocks ;  their  singular  decomposition  by  steam  of  high  teni' 
perature,  Tahiti — Passage  from  waake  into  trap ;  singular  volcanic 
rock  with  the  vesides  half  filled  with  mcsoti/pe,  Mauritius — Proofs  of 
its  recent  elevation — Structure  of  its  more  ancient  mountains ;  similarity 
with  St.  Jago.  St.  Paul's  Rocks — Not  of  volcanic  origin — their  sin- 
gular mineralogical  composition, 

Fernando  Noronha. — During  our  short  visit  at  this 
and  the  four  following  islands,  I  observed  very  little 
worthy  of  description.  Fernando  Noronha  is  situated 
in  the  Atlantic  Ocean,  in  lat.  3**  50'  S.,  and  230  miles 
distant  from  the  coast  of  South  America.  It  consists 
of  several  islets,  together  nine  miles  in  length  by  three 
in  breadth.  The  whole  seems  to  be  of  volcanic  origin  ; 
although  there  is  no  appearance  of  any  crater,  or  of  any 
one  central  •  eminence.  The  most  remarkable  feature 
is  a  hill  1,000  feet  higli,  of  which  the  upper  400  feet 
consist  of  a  precipitous,  singularly  shaped  pinnacle, 
formed  of  columnar  phonolite,  containing  numerous 
crystals  of  glassy  feldspar,  and  a  few  needles  of  horn- 
blende. From  the  highest  accessible  point  of  this  hill, 
I  could  distinguish  in  diflferent  parts  of  the  group 
several  other  conical  hills,  apparently  of  the  same  nature. 
At  St.  Helena  there  are  similar,  great,  conical,  protu- 
berant masses  of  phonolite,  nearly  1,000  feet  in  height, 
which  have  been  formed  by  the  injection  of  fluid  feld- 
gpathic  lava  into  yielding  strata.     If  this  hill  has  had. 
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as  is  probable,  a  similar  origin,  denudation  has  been  here 
effected  on  an  enormous  scale.  Near  the  base  of  this 
hill,  I  observed  beds  of  white  tuflF,  intersected  by 
numerous  dikes,  some  of  amygdaloidal  basalt  and 
others  of  trachyte ;  and  beds  of  slaty  phonolite  with 
the  planes  of  cleavage  directed  NW.  and  SE.  Parts 
of  this  rock,  where  the  crystals  were  scanty,  closely  re- 
sembled common  clay-slate,  altered  by  the  contact  of  a 
trap-dike.  The  lamination  of  rocks,  which  undoubtedly 
have  once  been  fluid,  appears  to  me  a  subject  well  deserv- 
ing attention.  On  the  beach  there  were  numerous  frag- 
ments of  compact  basalt,  of  which  rock  a  distant  fapade 
of  columns  seemed  to  be  formed. 

Terceira  in  the  Azores. — The  central  parts  of  this 
island  consist  of  irregularly  rounded  mountains  of  no 
great  elevation,  composed  of  trachyte,  which  closely 
resembles  in  general  character  the  trachjrte  of  Ascension, 
presently  to  be  described.  This  formation  is  in  many 
parts  overlaid,  in  the  usual  order  of  superposition,  by 
streams  of  basaltic  lava,  which  near  the  coast  compose 
nearly  the  whole  surface.  The  coiu-fe  which  these 
streams  have  followed  from  their  craters,  can  often  be 
followed  by  the  eye.  The  town  of  Angra  is  overlooked 
by  a  crateriform  hill  (Moimt  Brazil),  entirely  built  of 
thin  strata  of  fine-grained,  harsh,  brown-coloured  tuff. 
The  upper  beds  are  seen  to  overlap  the  basaltic  streams 
on  which  the  town  stands.  This  hill  is  almost  iden- 
tical in  structure  and  composition  with  numerous  crater- 
formed  hills  in  the  Galapagos  Archipelago. 

Effects  of  steam  on  the  trachytic  rocks. — In  the 
central  pai*t  of  the  island  there  is  a  spot,  where  steam 
is  constantly  issuing  in  jets  from  the  bottom  of  a  small 
ravine-like  hollow,  which  has  no  exit,  and  which  abuts 
against  a  range  of  trachytic  mountains.  The  steam  is 
emitted  from  several  irregular  fissures :  it  is  scentless. 
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soon  blackens  iron,  and  is  of  much  too  high  temperature 
to  be  endured  bv  the  hand.  The  manner  in  which  the 
solid  trachyte  is  changed  on  the  borders  of  these  orifices 
is  curious :  first,  the  base  becomes  earthy,  with  red 
fireckles  evidently  due  to  the  oxidation  of  particles  of 
iron  ;  then  it  becomes  soft ;  and  lastly,  even  the  crystals 
of  glassy  feldspar  yield  to  the  dissolving  agent.  After 
the  mass  is  converted  into  clav,  the  oxide  of  iron  seems 
to  be  entirely  removed  from  some  parts,  which  are  left 
perfectly  white,  whilst  in  other  neighbouring  parts, 
which  are  of  the  brighest  red  colour,  it  seems  to  be 
deposited  in  greater  quantity;  some  other  masses  are 
marbled  with  the  two  distinct  colours.  Portions  of  the 
white  clay,  now  that  they  are  dry,  cannot  be  distinguished 
by  the  eye  from  the  finest  prepared  chalk ;  and  when 
placed  between  the  teeth  they  feel  equally  soft-grained ; 
the  inhabitants  use  this  substance  for  white-washing 
their  houses.  The  cause  of  the  iron  being  dissolved  in 
one  part,  and  close  by  being  again  deposited,  is  obscure; 
but  the  fact  has  been  observed  in  several  other  places.^ 
In  some  half-decayed  specimens,  I  found  small,  globular, 
aggregations  of  yellow  hyalite,  resembling  gum-arabic, 
which  no  doubt  had  beeivdeposited  by  the  steam. 

As  there  is  no  escape  for  the  rain-water,  which 
trickles  down  the  sides  of  the  ravine-like  hollow,  whence 
the  steam  issues,  it  must  all  percolate  downwards 
through  the  fissures  at  its  bottom.  Some  of  the  in- 
habitants informed  me  that  it  was  on  record  that 
flames  (some  luminous  appearance?)  had  originally 
proceeded  from  these  cracks,  and  that  the  flames  had 

'  Spallanzani,  Dolomieu  and  Hofiinan  have  described  similar  cases 
in  the  ItaUan  Tolcanic  islands.  Dolomieu  sa^rs  the  iron  at  the  Panza 
Islands  is  redeposited  in  the  form  of  veins  (p.  86,  *  M^moire  snr  les  Isles 
Ponces').  These  authors  likewise  believe  that  the  steam  deposits  silica: 
it  is  DOW  experimentally  known  that  vapour  of  a  high  temperature  is 
able  to  dissolve  silica. 
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been  succeeded  by  the  Bteam ;  but  I  was  not  able  to 
ascertain  how  long  this  was  ago,  or  anything  certain  on 
the  subject.  When  viewing  the  spot,  I  imagined  that 
the  injection  of  a  large  mass  of  rock,  like  the  cone  of 
phonolite  at  Fernando  Noronh  a,  in  a  semi-fluid  state,  by 
arching  the  surface  might  have  caused  a  wedge-shaped 
hollow  with  cracks  at  the  bottom,  and  that  the  rain- 
water percolating  to  the  neighbourhood  of  the  heated 
mass,  would  during  many  succeeding  years  be  driven 
back  in  the  form  of  steam. 

Tahiti  {Otaheite). — I  visited  only  a  part  of  the 
north-western  side  of  this  island,  and  this  part  is  en- 
tirely composed  of  volcanic  rocks.  Near  the  coast  there 
are  several  varieties  of  basalt,  some  abounding  with 
large  crystals  of  augite  and  tarnished  olivine,  others 
compact  and  earthy, — some  slightly  vesicular,  and 
others  occasionally  amygdaloidal.  These  rocks  are 
generally  much  decomposed,  and  to  my  surprise,  I  found 
in  several  sections  that  it  was  impossible  to  distinguish, 
even  approximately,  the  line  of  separation  between  the 
decayed  lava  and  the  alternating  beds  of  tuff.  Since 
the  specimens  have  become  dry,  it  is  rather  more  easy 
to  distinguish  the  decomposed  igneous  rocks  from  the 
sedimentary  tuffs.  This  gradation  in  character  be- 
tween rocks  having  such  widely  different  origins,  may  I 
think  be  explained  by  the  yielding  under  pressure  of 
the  softened  sides  of  the  vesicular  cavities,  which  in 
many  volcanic  rocks  occupy  a  large  proportion  of  their 
bulk.  .As  the  vesicles  generally  increase  in  size  and 
number  in  the  upper  parts  of  a  stream  of  lava,  so  would 
the  effects  of  their  compression  increase  ;  the  yielding, 
moreover,  of  each  lower  vesicle  must  tend  to  disturb  all 
the  softened  matter  above  it.  Hence  we  might  expect 
to  trace  a  perfect  gradation  from  an  unaltered  crystal- 
line rock  to  one  in  which  all  the  particles  (although 
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originally  forming  part  of  the  same  solid  mass)  had 
imdergone  mechanical  displacement ;  and  such  particles 
could  hardly  be  distinguished  from  others  of  similar 
composition,  which  had  been  deposited  as  sediment. 
As  lavas  are  sometimes  laminated  in  their  upper  parts, 
even  horizontal  lines,  appearing  like  those  of  aqueous 
deposition,  could  not  in  all  cases  be  relied  on  as  a 
criterion  of  sedimentary  origin.  From  these  considera- 
tions it  is  not  surprising  that  formerly  many  geologists 
believed  in  real  transitions  from  aqueous  deposits, 
through  wacke,  into  igneous  traps. 

In  the  valley  of  Tia-auru,  the  commonest  rocks  are 
basalts  with  much  olivine,  and  in  some  cases  almost 
composed  of  large  crystals  of  augite.  I  picked  up  some 
specimens,  with  much  glassy  feldspar,  approaching  in 
character  to  trachyte.  There  were  also  many  large 
blocks  of  vesicular  basalt,  with  the  cavities  beautifully 
lined  with  chabasie  (?),  and  radiating  bundles  of  meso- 
type.  Some  of  these  specimens  presented  a  curious 
appearance,  owing  to  a  number  of  the  vesicles  being 
half  filled  up  with  a  white,  soft,  earthy  mesotypic 
mineral,  which  intumesced  under  the  blowpipe  in 
a  remarkable  manner.  As  the  upper  surfaces  in  all 
the  half-filled  cells  are  exactly  parallel,  it  is  evident 
that  this  substance  has  sunk  to  the  bottom  of  each  cell 
from  its  weight.  Sometimes,  however,  it  entirely  fills 
the  cells.  Other  cells  are  either  quite  filled,  or  lined, 
with  small  crystals,  apparently  of  chabasie;  these 
crystals,  also,  frequently  line  the  upper  half  of  the  cells 
partly  filled  with  the  earthy  mineral,  as  weM  as  the 
upper  surface  of  this  substance  itself,  in  which  case  the 
two  minerals  appear  to  blend  into  each  other.  I  have 
never  seen  any  other  amygdaloid  *  with  the  cells  h.ilf 

'  MacCulloch,  however,  has  depcribed  and  given  a  plate  of(*Geolog. 
Trans./  Ist  Series,  vol.  iv.  p.  225)  a  trap  rock,  with  cavities  filled  up 
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filled  in  the  manner  here  described  ;  and  it  is  difficult 
to  imagine  the  causes  which  determined  the  earthy 
mineral  to  sink  from  its  gravity  to  the  bottom  of  the 
cells,  and  the  crystalline  mineral  to  adhere  in  a  coating 
of  equal  thickness  roimd  the  sides  of  the  cells. 

The  basaltic  strata  on  the  sides  of  the  valley  are 
gently  inclined  seaward,  and  I  nowhere  observed  any 
sign  of  disturbance  ;  the  strata  are  separated  from  each 
other  by  thick,  compact  beds  of  conglomerate,  in  which 
the  fragments  are  large,  some  being  rounded,  but  most 
angular.  From  the  character  of  these  beds,  from  the 
compact  and  crystalline  condition  of  most  of  the  lavas, 
and  from  the  nature  of  the  infiltrated  minerals,  I  was 
led  to  conjecture  that  they  had  originally  flowed  beneath 
the  sea.  This  conclusion  agrees  with  the  fact  that  the 
Rev.  W.  Ellis  found  marine  remains  at  a  considerable 
height,  which  he  believes  were  interstratified  with 
volcanic  matter ;  as  is  likewise  described  to  be  the  case 
by  Messrs.  Tyerman  and  Bennett  at  Huaheine,  an  island 
in  this  same  archipelago.  Mr.  Stutchbury  also  dis- 
covered near  the  simimit  of  one  of  the  loftiest  moun- 
tains of  Tahiti,  at  the  height  of  several  thousand  feet, 
a  stratum  of  semi-fossil  coral.  None  of  these  remains 
have  been  specifically  examined.  On  the  coast,  where 
masses  of  coral  rock  would  have  afforded  the  clearest  evi- 
dence, I  looked  in  vain  for  any  signs  of  recent  elevation. 
For  references  to  the  above  authorities,  and  for  more 
detailed  reasons  for  not  believing  that  Tahiti  has  been 
recently  elevated,  I  must  refer  to  my  volume  on  the 
*  Structure  aiid  Distribution  of  Coral  Eeefs '  (p.  138  of 
the  1st  edit.,  or  p.  182  of  the  2nd  edit.). 


horizontally  with  quartz  and  chalcedony.  The  upper  halves  of  these 
cavities  are  often  filled  by  layers,  which  follow  each  irregularity  of  the 
surface,  and  by  little  depending  stalactites  of  the  same  siliceous  sub- 
stances. 
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MaurUius,  —  Approaching    this    island    on    the 
northern  or  north-western  side,  a  curved  chain  of  bold 
mountains,  surmounted  by  rugged  pinnacles,  is  seen  to 
rise  from  a  smooth  border  of  cultivated  land,  which 
gently  slopes  down  to  the  coast.     At  the  first  glance, 
•ne  is  tempted  to  believe  that  the  sea  lately  reached 
the  base  of  these  mountains,  and  upon  examination, 
this  view,  at  least  with  respect  to  the  inferior  parts  of 
the  border,  is  found  to  be  perfectly   correct.      Several 
authors  *  have  described  masses  of  upraised  coral  rock 
round   the   greater   part  of  the  circumference  of  the 
island.     Between  Tamarin  Bay  and  the  Great  Black 
Eiver  I   observed,  in  company  with  Capt.  Lloyd,  two 
hillocks   of  coral  rock,  formed  in  their  lower  part  of 
hard  calcareous  sandstone,  and  in  their  upper  of  great 
blocks,  slightly  aggregated,  of  Astrsea  and  Madrepora, 
and  of  fragments  of  basalt ;  they  were  divided  into  beds 
dipping  seaward,  in  one  case  at  an  angle  of  8°,  and  in 
the  other  at  18°;  they  had  a  water-worn  appearance, 
and  they  rose  abruptly  from  a  smooth  surface,  strewed 
with  rolled  debris  of  orgauic  remains,  to  a  height  of 
about  twenty  feet.     The  OflScier  du  Eoi,  in  his  most 
interesting  tour  in  1768  round  the  island,  has  described 
masses  of  upraised  coral  rocks,  still  retaining  that  moat- 
Uke    structure   (see   'Coral   Eeefs,'    2nd   edit.   p.  69) 
which   is  characteristic  of  the   living  reefs.     On  the 
coast  northward  of  Port  Louis,  I  found  the  lava  con- 
cealed  for  a  considerable   space  inland  by  a  conglo- 
merate of  corals  and  shells,  like  those  on  the  beach, 
but  in  parts  consolidated  by  red  ferruginous   matter. 

*  Captain  Carmichael,  in  Hooker's '  Bot.  Misc.'  vol.  ii.  p.  301.  Cap- 
tain Lloyd  has  lately,  in  the  '  Proceedings  of  the  Geological  Society ' 
(vol.  iii-  p.  317),  described  carefully  some  of  these  masses.  In  the 
*  Voyage  a  I'lsle  de  France,  par  un  Officier  du  Roi,*  many  interesting 
facts  are  given  on  this  subject.  Consult  also  *  Voyage  aux  Quatre  Isles 
d'Afriqae,  par  M.  Bory  St.  Vincent.' 
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M.  Bory  St.  Vincent  has  described  similar  calcareous  beds 
over  nearly  the  whole  of  the  plain  of  Pamplemousses. 
Near  Port  Louis,  when  turning  over  some  large  stones, 
which  lay  in  the  bed  of  a  stream  at  the  head  of  a  pro- 
tected creek,  and  at  the  height  of  some  yards  above  the 
level  of  spring  tides,  I  found  several  shells  of  serpula 
still  adhering  to  their  under  sides. 

The  jagged  mountains  near  Port  Louis  rise  to  a 
height  of  between  2,000  and  3,000  feet ;  they  consist 
of  strata  of  basalt,  obscurely  separated  from  each  other 
by  firmly  aggregated  beds  of  fragmentary  matter ;  and 
they  are  intersected  by  a  few  vertical  dikes.  The 
basalt  in  some  parts  abounds  with  large  crystals  of 
augite.  and  olivine,  and  is  generally  compact.  The 
interior  of  the  island  forms  a  plain,,  raised  probably 
about  a  thousand  feet  above  the  level  of  the  sea,  and 
composed  of  streams  of  lava  which  have  flowed  round 
and  between  the  rugged  basaltic  mountains.  These 
more  recent  lavas  are  also  basaltic,  but  less  compact, 
and  some  of  them  abound  with  feldspai-,  so  that  they 
even  fuse  into  a  pale  coloured  glass.  On  the  banks  of 
the  Great  River,  a  section  is  exposed  nearly  500  feet 
deep,  worn  through  numerous  thin  sheets  of  the  lava  of 
this  series,  which  are  separated  from  each  other  by  beds 
of  scoriae.  They  seem  to  have  been  of  subaerial  forma- 
tion, and  to  have  flowed  from  several  points  of  eruption 
on  the  central  platform,  of  which  the  Piton  du  Milieu 
is  said  to  be  the  principal  one.  There  are  also  several 
volcanic  cones,  apparently  of  this  modem  period,  round 
the  circumference  of  the  island,  especially  at  the 
northern  end,  where  they  form  separate  islets. 

The  mountains  composed  of  the  more  compact  and 
crystalline  basalt,  form  the  main  skeleton  of  the  island. 
M.  Bailly  *  states  that  they  all  '  se  developpent  autour 

*  •  Voy&go  aux  Terres  Aufitrales/  torn.  i.  p.  64. 
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d'elle  comme  une  ceinture  d'immenses  remparts,  toutes 
aifectAnt  une  pente  plus  ou  moius  incline  vers  le  rivage 
de  la  mer ;  tandis,  au  contraire,  que  vers  le  centre  de 
rile  elles  presentent  une   coupe  abrupte,  et  souvent 
taillee  k  pic.     Toutes  ces  montagnes  sont  fornixes  de 
couches  paralleles  inclinees  du  centre  de  Tile  vers  la 
mer.'     These  statements  have  been  disputed,  though 
not  in  detail,  by  M.  Quoy,  in  the  voyage  of  Freycinet. 
As  &r  as   my  limited  means  of  observation  went,  I 
found  them  perfectly  correct.*     The  mountains  on  the 
NW.  side  of  the  island,  which  I  examined,  namely.  La 
Pouce,   Peter  Botts,  Corps  de  Garde,  Les  Mamelles, 
and  apparently  another  farther  southward,  have  pre- 
cisely the  external  shape  and  stratification  described  by 
M.  Bailly.     They  form  about  a  quarter  of  his  girdle  of 
ramparts.     Althougli  these  mountains  now  stand  quite 
detached,  being  separated  from  each  other  by  breaches, 
even  several  miles  in  width,  through  which  deluges  of 
lava  have  flowed  from  the  interior  of  the  island ;  never- 
theless, seeing  their  close  general  similarity,  one  must 
feel  convinced  that  they  originally  formed  parts  of  one 
continuous  mass.     Judging  from  the  beautiful  map  of 
the   Mauritius,   published   by  the   Admiralty   from  a 
French  MS.,  there  is  a  range  of  mountains  (M.  Bamboo) 
on  the  opposite  side  of  the  island,  which  correspond  in 
height,  relative  position,  and  external  form,  with  those 
just  described.     Whether  the  girdle  was  ever  complete 
may  well  be  doubted;  but  from  M.  Bailly's  statements, 
and  my  own  observations,  it  may  be  safely  concluded  that 
mountains  with  precipitous  inland  flanks,  and  composed 
of  strata  dipping  outwards,  once  extended  round  a  con- 
siderable portion  of  the  circumference  of  the  island. 
The  ring  appears  to  have  been  oval  and  of  vast  size;  its 

*  M.  Lesson,  in  his  account  of  this  island,  in  the  voyage  of  the  '  Co' 
qnille/  seemB  to  follow  M.  Bailly's  views. 
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shorter  axis,  measured  across  from  the  inner  sides  of 
the  momitains  near  Port  Louis  and  those  near  Grand 
Port,  being  no  less  than  thirteen  geographical  miles  in 
length.  M.  Bailly  boldly  supposes  that  this  enormous 
gulf,  which  has  since  been  filled  up  to  a  great  extent 
by  streams  of  modem  lava,  was  formed  by  the  sinking 
in  of  the  whole  upper  part  of  one  great  volcano. 

It  is  singular  in  how  many  respects  those  portions 
of  St.  Jago  and  of  Mauritius  which  I  visited  agree  in 
their  geological  history.  At  both  islands,  mountains 
of  similar  external  form,  stratification,  and  (at  least  in 
their  upper  beds)  composition,  follow  in  a  curved  chain 
the  coast-line.  These  mountains  in  each  case  appear 
originally  to  hjive  formed  parts  of  one  continuous  mass. 
The  basaltie  strata  of  which  they  are  composed,  from 
their  compact  and  crystalline  structure,  seem,  when 
contrasted  with  the  neighbouring  basaltic  streams  of 
subaerial  formation,  to  have  flowed  beneath  the  pressure 
of  the  sea,  and  to  have  been  subsequently  elevated. 
We  may  suppose  that  the  wide  breaches  between  the 
mountains  were  in  both  cases  worn  by  the  waves, 
during  their  gradual  elevation — of  which  process,  within 
recent  times,  there  is  abundant  evidence  on  the  coast- 
land  of  both  islands.  At  both,  vast  streams  of  more 
recent  basaltic  lavas  have  flowed  from  the  interior  of 
the  island,  round  and  between  the  ancient  basaltic  hills; 
at  both,  moreover,  recent  cones  of  eruption  are  scattered 
around  the  circumference  of  the  island  ;  but  at  neither 
have  eruptions  taken  place  within  the  period  of  history. 
As  remarked  in  the  last  chapter,  it  is  probable  that 
these  ancient  basaltic  mountains,  which  resemble  (at 
least  in  many  respects)  the  basal  and  disturbed  remnants 
of  two  gigantic  volcanos,  owe  their  present  form,  struc- 
ture, and  position,  to  the  action  of  similar  causes. 

St,  PauVs  Rocks, — This  small  island  is  situated  in 
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the  Atlantic  Ocean,  nearly  one  degree  north  of  the 
equator,  and  540  miles  distant  from  South  America,  in 
29°  15'  west  longitude.  Its  highest  point  is  scarcely 
fifty  feet  Above  the  level  of  the  sea;  its  outline  is 
irregular,  and  its  entire  circumference  barely  three- 
quarters  of  a  mile.  This  little  point  of  rock  rises 
abruptly  out  of  the  ocean ;  and,  except  on  its  western 
side,  soundings  were  not  obtained,  even  at  the  short 
distance  of  a  quarter  of  a  mile  from  its  shore.  It  is 
not  of  volcanic  origin  ;  and  this  circumstance,  which  is 
the  most  remarkable  point  in  its  history  (as  will  here- 
after be  referred  to),  properly  ought  to  exclude  it  from 
the  present  volume.  It  is  composed  of  rocks,  unlike 
any  which  I  have  met  with,  and  which  I  cannot  charac- 
terise by  any  name,  and  must  therefore  describe. 

The  simplest,  and  one  of  the  most  abundant  kinds, 
is  a  very  compact,  heavy,  greenish-black  rock,  having 
an  angular,  irregular  fracture,  with  some  points  just 
hard  enough  to  scratch  glass,  and  infusible.  This 
variety  passes  into  others  of  paler  green  tints,  less  hard, 
but  with  a  more  cvstalline  fracture,  and  translucent  on 
their  edges ;  and  these  are  fusible  into  a  green  enamel. 
Several  other  varieties  are  chiefly  characterised  by 
containing  innumerable  threads  of  dark-green  serpen- 
tine, and  by  having  calcareous  matter  in  their  inter- 
stices. These  rocks  have  an  obscure,  concretionary 
structure,  and  are  full  of  variously-coloured  angular 
pseudo  fragments.  These  angular  pseudo  fragments 
consist  of  the  first-described  dark  green  rock,  of  a  brown 
softer  kind,  of  serpentine,  and  of  a  yellowish  harsh  stone, 
which,  perhaps,  is  related  to  serpentine  rock.  There 
are  other  vesicular,  calcareo-ferriiginous,  soft  stones. 
There  is  no  distinct  stratification,  but  parts  are  imper- 
fectly laminated ;  and  the  whole  abounds  with  innu- 
merable  veins,  and  vein-like  masses,  both  small  and 
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large.  Of  these  vein-like  masses,  some  calcareous  ones, 
which  contain  minute  fragments  of  shells,  are  clearly 
of  subsequent  origin  to  the  others. 

A  glo88y  incrustation. — Extensive  portions  of  these 
rocks  are  coated  by  a  layer  of  a  glossy  polished  sub- 
stance, with  a  pearly  lustre  and  of  a  grayish  white 
colour  ;  it  follows  all  the  inequalities  of  the  surface,  to 
which  it  is  firmly  attached.  When  examined  with  a 
lens,  it  is  found  to  consist  of  numerous  exceedingly  thin 
layers,  their  aggregate  thickness  being  about  the  tenth 
of  an  inch.  It  is  considerably  harder  than  calcareous 
spar,  but  can  be  scratched  with  a  knife ;  under  the 
blowpipe  it  scales  off,  decrepitates,  slightly  blackens, 
emits  a  fetid  odour,  and  becomes  strongly  alkaline  :  it 
does  not  effervesce  in  acids.*  I  presume  this  substance 
has  been  deposited  by  water  draining  from  the  birds' 
dung,  with  which  the  rocks  are  covered.  At  Ascension, 
near  a  cavity  in  the  rocks  which  was  filled  with  a 
laminated  mass  of  infiltrated  birds'  dung,  I  found  some 
irregularly-formed,  stalactitical  masses  of  apparently 
the  same  nature.  These  masses,  when  broken,  had  an 
earthy  texture ;  but  on  their  outsides,  and  especially  at 
their  extremities,  they  were  formed  of  a  pearly  sub- 
stance, generally  in  little  globules,  like  the  enamel  of 
teeth,  but  more  translucent,  and  so  hard  as  just  to 
scratch  plate-glass.  This  substance  slightly  blackens 
under  the  blowpipe,  emits  a  bad  smell,  then  becomes 
quite  white,  swelling  a  little,  and  fuses  into  a  dtdl  white 
enamel;  it  does  not  become  alkaline;  nor  does  it 
effervesce  in  acids.  The  whole  mass  had  a  collapsed 
appearance,  as  if  in  the  formation  of  the  hard  glossy 
crust  the  whole  had  shrunk  much.  At  the  Abrolhos 
Islands  on  the  coast  of  Brazil,  where  also  there  is  much 

*  In  my  Journal  I  have  described  this  substance ;  I  then  beliert 
that  it  was  an  impure  phosphate  of  lime. 
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birds'  dung,  I  found  a  great  quantity  of  a  brown, 
arborescent  substance  adheriug  to  some  trap-rock.  In 
its  arborescent  form,  this  substance  singularly  resembles 
some  of  the  branched  species  of  Nullipora.  Under  the 
blowpipe,  it  behaves  like  the  specimens  from  Ascension ; 
but  it  is  less  hard  and  glossy,  and  the  sur&ce  has  not 
the  shrunk  appearance. 


40  Ascension. 
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CHAPTER  III. 

ASCENSION. 

Basaltte  lavas — Numerous  craters  truncated  on  the  same  side — Singular 
structure  of  volcanic  bombs — Aer\fonn  explosions — Ejeettd  granitic 
fragments —Trachytic  rocks — Singular  veins — Jasper,  its  manner  of 
formation — Concretions  in  pumiceous  tuff— Calcareous  deposits  and 
frondescent  incrustations  on  the  coast — Remarkable  laminated  beds, 
alternating  with,  and  passing  into  obsidian — Origin  of  obsidian — 
Lamination  of  volcanic  rocks. 

This  island  is  situated  in  the  Atlantic  Ocean,  in  lat.  8** 
S.,  long.  14°  W.  It  has  the  form  of  an  irregular  triangle 
(see  accompanying  Map),  each  side  being  about  six 
miles  in  length.  Its  highest  point  is  2,870  feet  *  above 
the  level  of  the  sea.  The  whole  is  volcanic,  and,  from 
the  absence  of  proofs  to  the  contrary,  I  believe  of  sub- 
aerial  origin.  The  fundamental  rock  is  everywhere  of 
a  pale  colour,  generally  compact,  and  of  a  feldspathic 
nature.  In  the  SE.  portion  of  the  island,  where  the 
highest  land  is  situated,  well  characterised  trachyte, 
and  other  congenerous  rocks  of  that  varying  family, 
occur.  Nearly  the  entire  circumference  is  covered  up 
by  black  and  rugged  streams  of  basaltic  lava,  with  here 
and  there  a  hill  or  single  point  of  rock  (one  of  which 
near  the  sea-coast,  north  of  the  Fort,  is  only  two  or 
three  yards  across)  of  the  trachyte  still  remaining 
exposed. 

BasaMic  rocks. — The  overlying  basaltic  lava  is  in 

*  *  Geographical  Journal,*  vol.  v.  p.  243. 
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some  parts  extremely  vesicular,  in  others  little  so ;  it  is 
of  a  black  colour,  but  sometimes  contains  crystals  of 
glassy  feldspar,  and  seldom  much  olivine.  These 
streams  appear  to  have  possessed  singularly  little 
fluidity ;  their  side  walls  and  lower  ends  being  very 
steep,  and  even  as  much  as  between  twenty  or  thirty 
feet  in  height.  Their  surface  is  extraordinarily  rugged, 
and  from  a  short  distance  appears  as  if  studded  with 
small  craters.  These  projections  consist  of  broad, 
irregularly  conical,  hillocks,  traversed  by  fissures,  and 
composed  of  the  same  unequally  scoriaceous  basalt  with 
the  surrouading  streams,  but  having  an  obscure  ten- 
dency to  a  columnar  structure ;  they  rise  to  a  height 
between  ten  and  thirty  feet  above  the  general  surface, 
and  have  been  formed,  as  I  presume,  by  the  heaping  up 
of  the  viscid  lava  at  points  of  greater  resistance.  At 
the  base  of  several  of  these  hillocks,  and  occasionally 
likewise  on  more  level  parts,  solid  ribs,  composed  of 
angulo-globular  masses  of  basalt,  resembling  in  size 
and  outline  arched  sewers  or  gutters  of  brickwork,  but 
not  being  hollow,  project  between  two  or  three  feet 
above  the  surface  of  the  streams;  what  their  origin 
may  have  been,  I  do  not  know.  Many  of  the  super- 
ficial fragments  from  these  basaltic  streams  present 
singularly  convoluted  forms ;  and  some  specimens  could 
hardly  be  distinguished  from  logs  of  dark-coloured  wood 
without  their  bark. 

Many  of  the  basaltic  streams  can  be  traced,  either 
to  points  of  eruption  at  the  base  of  the  great  central 
mass  of  trachyte,  or  to  separate,  conical,  red-coloured 
hills,  which  are  scattered  over  the  northern  and  western 
borders  of  the  island.  Standing  on  the  central  eminence, 
I  counted  between  twenty  and  thirty  of  these  cones  of 
eruption.  The  greater  number  of  them  had  their  trun- 
cated summits  cut  oflf  obliquely,  and  they  all  sloped 
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towards  the  SE.,  whence  the  trade-wind  hlows.'  This 
structure  no  doubt  has  been  caused  by  the  ejected 
fragmentB  and  ashes  being  always  blown,  during  erap- 
tions,  in  greater  quantity  towards  one  side  than  towards 
the  other.  M.  Moreau  de  Jonn^s  has  made  a  sinsilar 
observation  with  respect  to  the  volcanic  orifices  in  the 
West  Indian  Islands. 

Volcanic  bomhs. — These  occur  in  great  numbers 
strewed  on  tLe  ground,  and  some  of  them  lie  at  con- 
siderable dibiances  from  any  points  of  eruption  They 
vary  in  size  from  that  of  an  apple  to  that  of  a  man's 


a  rpbnical  xnlcaiiic  bomb,  v 


body ;  they  are  either  spherical  or  pear-shaped,  or  with 
the  hinder  part  (corresponding  to  the  tail  of  a  comet) 

'  M.  LesBOn,  in  tho  'ZooI<^  of  the  Vojage  of  tJi6  "Coquille"'  (p.  490), 
bMObsairedthU&Ct.  Mr.  Hennfth  (' Geolog.ProceHiiii^,' lS3fi.  p.  186) 
farther  remaTka  that  the  most  extenalvB  beds  of  aahee  at  Aueiiiioa 
i&Tariabl;  occur  on  ths  leeward  side  of  the  isluid. 
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irregular,  studded  with  projectiDg  points,  and  even 
concave.  Their  surfaces  are  rough,  and  fissured  with 
branching  cracks ;  their  internal  structure  is  either 
irre^^arly  scoriaceous  and  compact,  or  it  presents  a 
symmetrical  and  very  curious  appearance.  An  irregular 
segment  of  a  bomb  of  this  latter  kind,  of  which  I 
found  several,  is  accurately  represented  in  the  accom- 
panying woodcut.  Its  size  \^as  about  that  of  a  man's 
head.  The  whole  interior  is  coarsely  cellular ;  the  cells 
averaging  in  diameter  about  the  tenth  of  an  inch ;  but 
nearer  the  outside  they  gradually  decrease  in  size.  This 
part  is  succeeded  by  a  well-defined  shell  of  compact 
lava,  having  a  nearly  uniform  thickness  of  about  the 
third  of  an  inch ;  and  the  shell  is  overlaid  by  a  some- 
wliat  thicker  coating  of  finely  cellular  lava  (the  cells 
varying  firom  the  fiftieth  to  the  hundredth  of  an  inch  in 
diameter),  which  forms  the  external  surface :  the  line 
separating  the  shell  of  compact  lava  firom  the  outer 
scoriaceous  crust  is  distinctly  defined.  This  structure 
is  very  simply  explained,  if  we  suppose  a  mass  of  viscid, 
scoriaceous  matter,  to  be  projected  with  a  rapid,  rota- 
tory motion  through  the  air ;  for  whilst  the  external 
crust,  firom  cooling,  became  solidified  (in  the  state  we 
now  see  it),  the  centrifugal  force,  by  relieving  the 
pressure  in  the  interior  parts  of  the  bomb,  would  allow 
the  heated  vapoiurs  to  expand  their  cells;  but  these 
being  driven  by  the  same  force  against  the  already- 
hardened  crust,  would  become,  the  nearer  they  were  to 
this  part,  smaller  and  smaller  or  less  expanded,  until 
they  became  packed  into  a  solid,  concentric  shell.  As 
we  know  that  chips  firom  a  grindstone  '  can  be  flirted 
ofi",  when  made  to  revolve  with  suflficient  velocity,  we 
need  not  doubt  that  the  centrifugal  force  would  have 
power  to  modify  the  structure  of  a  softened  bomb,  in 

>  Nicholas  *  Architecture  of  the  Heavens.' 
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the  manner  here  guppoaed.  G-eol<^ste^aTe  remarked, 
that  the  external  form  of  a  bomb  at  once  bespeaks  the 
history  of  its  aerial  course,  and  we  now  see  that  the 
internal  structure  can  apeak,  with  almost  equal  plainness, 
of  its  rotatory  movement. 

M.  Bory  St.  Vincent '  has  described  some  balls  of 
lava  from  the  Isle  of  Bourbon,  which  have  a  closely 
similar  structure ;  his  explanation,  however  (if  I  under- 
stand it  rightly),  is  very  different  from  that  which  I 
have  given ;  for  he  supposes  that  they  have  rolled,  like 
snow-halls,  down  the  sides  of  the  crater.  M.  Beudant,* 
also,  has  described  some  singular  little  balls  of  obsidian, 
never  more  than  six  or  eight  inches  in  diameter,  which  . 
he  found  strewed  on  the  surface  of  the  ground :  their 
form  is  always  oval ;  sometimes  they  are  much  swollen 
in  the  middle,  and  even  spindle-sliaped:  their  surface 
is  regularly  marked  with  concentric  ridgea  and  furrows, 
all  of  which  on  the  same  ball  are  at  riglit  angles  to  one 
axis :  their  interior  is  compact  and  glassy.  AI.  Beudant 
supposes  that  masses  of  lava, 
when  soft,  were  shot  into  the  air, 
with  a  rotatory  movement  round 
the  same  axis,  and  that  the  form 
and  superficial  ridges  of  the 
bombs  were  thus  produced.  Sir 
Thomas  Mitchell  has  given  me 
what  at  first  appears  to  he  the 
half  of  ft  much  flattened  oval  ball 
of  obsidian ;  it  has  a  singular 
artificial-like  appearance,  which 
ibotoWdiKifrom  18  Well  represented  (of  the  natural 
ze)  in  the  accompanying  wood- 
jt.     It  was   found   in  its   pre- 

■e  leles  d'Afriqne,'  torn,  i,  p.  222. 
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sent  state,  on  a  great  sandy  plain  between  the  rivers 
Darling  and  Murray,  in  Australia,  and  at  the  distance 
of  several  hundred    miles   from   any   known   volcanic 
region.      It  seems  to   have   been  embedded  in   some 
reddish  tufaceous  matter ;   and  may  have  been  trans- 
ported either  by  the  aborigines  or  by  natural  means. 
The  external  saucer  consists  of  compact  obsidian,  of  a 
bottle-green  colour,  and   is  filled   with   finely-cellular 
black  lava,  much  less  transparent  and  glassy  than  the 
obsidian.     The  external  surface  is  marked  with  four 
or  five  not  quite  perfect  ridges,  which  are  represented 
rather  too  distinctly  in  the  woodcut.     Here  then  we 
have  the  external  structuie  described  by  M.  Beudant, 
and  the  internal  cellular  condition  of  the  bombs  from 
Ascension.     The  lip  of  the  saucer  is  slightly  concave, 
exactly  like  the  margin  of  a  soup-plate,  and  its  inner 
edge  overlaps  a  little  the  central  cellular  lava.     This 
structure  is  so  symmetrical  round  the  entire  circum- 
ference, that  one  is  forced  to  suppose  that  the  bomb 
burst  during   its  rotatory  course,   before   being  quite 
solidified,  and  that  the  lip  and  edges  were  thus  slightly 
modified  and  turned  inwards.    It  may  be  remarked  that 
the  superficial  ridges  ai*e  in  planes,  at  right  angles  to  an 
axis,  transverse  to  the  longer  axis  of  the  flattened  oval : 
to  explain  this  circumstance,  we  may  suppose  that  when 
the  bomb  burst,  the  axis  of  rotation  changed. 

Aerifoi^i  explo»io7i8, — The  flanks  of  Green  Moim- 
tain  and  the  surrounding  country  are  covered  by  a 
great  mass,  some  hundred  feet  in  thickness,  of  loose 
fragments.  The  lower  beds  generally  consist  of  fine- 
grained, slightly  consolidated  tuffs,*  and  the  upper  beds 
of  great  loose  fragments,  mth  alternating  finer  beds.^ 

'  Some  of  this  peperino,  or  tuif,  is  sufficiently  hard  not  to  be  broken 
by  the  greatest  force  of  the  fingers. 

*  On  the  northern  side  of  the  Green  Mountain  a  thin  seam,  about 
an  inch  in  thickness,  of  compact  oxide  of  iron,  extends  over  a  con- 
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One  white  ribbon-like  layer  of  decomposed,  pumiceous 
breccia,  was  curiously  bent  into  deep  unbroken  curves, 
beneath  each  of  the  larger  fragments  in  the  superin- 
cumbent stratum.  From  the  relative  position  of  these 
beds,  I  presume  that  a  narrow-mouthed  crater,  standing 
nearly  in  the  position  of  Green  Mountain,  like  a  great 
air-gun,  shot  forth,  before  its  final  extinction,  this  vast 
accumulation  of  loose  matter.  Subsequently  to  this 
event,  considerable  dislocations  have  taken  place,  and 
an  oval  circus  has  been  formed  by  subsidence.  This 
sunken  space  lies  at  the  north-eastern  foot  of  Green 
Mountain,  and  is  well  represented  in  the  accompanying 
map.  Its  longer  axis,  which  is  connected  with  a  NE. 
and  SW.  line  of  fissure,  is  three-fifths  of  a  nautical  mile 
in  length ;  its  sides  are  nearly  perpendicular,  except  in 
one  spot,  and  about  400  feet  in  height ;  they  consist,  in 
the  lower  part,  of  a  pale  basalt  with  feldspar,  and  in  the 
upper  part,  of  the  tuff  and  loose  ejected  fragments ; 
the  bottom  is  smootli  and  level,  and  under  almost  any 
other  climate  a  deep  lake  would  have  been  formed 
here.  From  the  thickness  of  the  bed  of  loose  fragments, 
with  which  the  surrounding  country  is  covered,  the 
amount  of  aeriform  matter  necessary  for  their  projection 
must  have  been  enormous ;  hence  we  may  suppose  it 
probable  that  after  the  explosions  vast  subterranean 
caverns  were  left,  and  that  the  falling  in  of  the  roof  of 
one  of  these"*  produced  the  hollow  here  described.  At 
tlie  Galapagos  Archipelago,  pits  of  a  similar  character, 

sidcrablc  area  it  lies  conformably  in  the  lower  part,  of  the  stratified 
mass  of  ashes  and  frngroents.  This  Bubstance  is  of  a  reddieh-brown 
colour,  with  an  almost  metallic  lustre  ;  it  is  not  magnetic,  but  become? 
so  after  having  been  heated  under  the  blowpipe,  by  which  it  is  black- 
ened and  partly  fused.  This  scam  of  compact  stone,  by  intercepting 
the  Uttlo  rain-water  which  falls  on  the  island,  gives  rise  to  a  small 
dripping  spring,  first  discovered  }»y  Pampier.  It  is  the  only  fresh-water 
on  the  island,  so  that  the  possibility  of  its  being  inhabited  hns  entirely 
depended  on  the  occurrence  of  this  ferruginous  layer. 
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but  of  a  much  smaller  size,  frequently  occmr  at  the  bases 
of  small  cones  of  eruption. 

Ejected  granitic  fragirienta. — In  the  neighbour- 
hood of  Green  Mountain,  fragments  of  extraneous  rock 
are  not  unfrequently  found  embedded  in  the  midst  of 
masses  of  scoriae.  Lieut.  Evans,  to  whose  kindness  I 
am  indebted  for  much  information^  gave  me  several 
specimens,  and  I  found  others  myself.  They  nearly  all 
have  a  granitic  structure,  are  brittle,  harsh  to  the  touch, 
and  apparently  of  altered  colours.  Firsts  a  white  syenite, 
streaked  and  mottled  with  red ;  it  consists  of  well 
crystallised  feldspar,  numerous  grains  of  quartz,  and 
brilliant,  though  small,  crystals  of  hornblende.  The 
feldspar  and  hornblende  in  this  and  the  succeeding 
cases  have  been  determined  by  the  reflecting  gonio- 
meter, and  the  quartz  by  its  action  under  the  blowpipe. 
The  feldspar  in  these  ejected  fragments,  like  the  glassy 
kind  in  the  trachyto,  is  from  its  cleavage  a  potash- 
feldspar.  Secondly y  a  brick-red  mass  of  feldspar,  quartz, 
and  small  dark  patches  of  a  decayed  mineral ;  one 
minute  particle  of  which  I  was  able  to  ascertain,  by  its 
cleavage,  to  be  hornblende.  Thirdly ^  a  mass  of  con- 
fusedly crystallised  white  feldspar,  with  little  nests  of  a 
dark  coloured  mineral,  often  carious,  externally  rounded, 
having  a  glossy  fracture,  but  no  distinct  cleavage :  from 
comparison  with  the  second  specimen,  I  have  no  doubt 
that  it  is  fused  hornblende.  Fourthly^  a  rock,  which 
at  first  appears  a  simple  aggregation  of  distinct  and 
large-sized  crystals  of  dusky-coloured  Labrador  feldspar  ;* 

*  ProfesRor  Miller  has  been  so  kind  as  to  examine  this  mineral.  He 
obtained  two  good  cleavages  of  86^  30'  and  86°  50'.  The  mean  of 
several,  which  I  made,  was  86°  30'.  Prof.  Miller  states  that  these 
crystals,  when  reduced  to  a  fine  powder,  are  soluble  in  hydnxihloric 
aod,  leaving  some  undissolved  silcx  behind  ;  the  addition  of  oxalate  of 
ammonia  gives  a  copious  precipitate  of  lime.  He  further  remarks,  that 
according  to  Von  Kobell,  anorthite  (a  mineral  occurring  in  the  ejected 
fragments  at  Mount  Somna)  is  always  white  and  transparent,  so  that  if 
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but  in  their  interstices  there  is  some  white  granular 
feldspar,  abundant  scales  of  mica,  a  little  altered  horn- 
blende, and,  as  I  believe,  no  quartz.  I  have  described 
these  fragments  in  detail,  because  it  is  rare  *  to  find 
granitic  rocks  ejected  from  volcanos  with  their  Tninerals 
unchanged,  as  is  the  case  with  the  first  specimen,  and 
partially  with  the  second.  One  other  large  fragment, 
found  in  another  spot,  is  deserving  of  notice ;  it  is  a 
conglomerate,  containing  small  fitigments  of  granitic, 
cellular,  and  jaspery  rocks,  and  of  homstone  porphyries, 
embedded  in  a  base  of  wacke,  threaded  by  numerous 
thin  layers  of  a  concretionary  pitchstone  passing  into 
obsidian.  These  layers  are  parallel,  slightly  tortuous, 
and  short ;  they  thin  out  at  their  ends,  and  resemble  in 
form  the  layers  of  quartz  in  gneiss.  It  is  probable 
that  these  small  embedded  fragments  were  not  separately 
ejected,  but  were  entangled  in  a  fluid  volcanic  rock, 
allied  to  obsidian  ;  and  we  shall  presently  see  that 
several  varieties  of  this  latter  series  of  rock  assume  a 
laminated  structure. 

Trachytic  aeries  of  rocks. — Those  occupy  the  more 
elevated  and  central,  and  likewise  the  south-eastern, 
parts  of  the  island.  The  trachyte  is  generally  of  a  pale 
brown  colour,  stained  with  small  darker  patches;  it 
contains  broken  and  bent  crystals  of  glassy  feldspar, 

this  be  the  ftise,  tliese  crysUils  from  Ascension  must  be  considered  as 
Labrador  feldspar.  Prof.  Miller  adds,  that  he  has  seen  an  account,  in 
Erdmann's  *  Journal  fiir  technisclie  Cheniio/  of  a  mineral  ejected  from 
a  volcano,  which  had  the  external  characters  of  Labrador  feldspar,  but 
differed  in  the  analysis  from  that  given  by  mineralogists  of  this  mine- 
ral :  the  author  attributed  this  difference  to  an  error  in  the  analysis  of 
Labrador  feldspar,  which  is  very  old. 

«  Daubeny,  in  his  work  on  Volcanos  (p.  389),  remarks  that  this  is 
the  case;  and  Humboldt,  in  his  'Personal  Narrative'  (vol.^i.  p.  236), 
says,  '  In  general,  the  masses  of  known  primitive  rocki,  I  mean  those 
which  perfectly  resemble  our  granites,  gneiss,  and  mica-slate,  are 
very  rare  in  lavas :  the  substances  we  generally  denote  by  the  name  of 
granite,  thrown  out  by  Vesuvius,  are  mixtures  of  nepheline,  mica,  and 
pyroxene.' 
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grains  of  specular  iron,  and  black  microscopical  points, 
which  latter,  from  being  easily  fused,  and  then  becom* 
ing  magnetic,  I  presume  are  hornblende.  The  greater 
number  of  the  hills,  however,  are  composed  of  a  quite 
white,  friable  stone,  appearing  like  a  trachytic  tuff. 
Obsidian,  homstone,  and  several  kinds  of  laminated 
feldspathic  rocks,  are  associated  with  the  trachyte. 
There  is  no  distinct  stratification  ;  nor  could  I  distin- 
guish a  crateriform  structure  in  any  of  the  hills  of  this 
series.  Considerable  dislocations  have  taken  place; 
and  many  fissures  in  these  rocks  are  yet  left  open,  or 
are  only  partially  filled  with  loose  fragments.  Within 
the  space,^  mainly  formed  of  trachyte,  some  basaltic 
streams  have  burst  forth ;  and  not  far  from  the  summit 
of  Grreen  Mountain,  there  is  one  stream  of  quite  black, 
vesicular  basalt,  containing  minute  ciystals  of  glassy 
feldspar,  which  have  a  rounded  appearance. 

The  soft  white  stone  above  mentioned  is  remarkable 
from  its  singidar  resemblance,  when  viewed  in  mass,  to 
a  sedimentary  tuff :  it  was  long  before  I  could  persuade 
myself  that  such  was  not  its  origin  ;  and  other  geologists 
have  been  perplexed  by  closely  similar  formations  in 
trachytic  regions.  In  two  cases,  this  white  earthy  stone 
formed  isolated  hills ;  in  a  third,  it  was  associated  with 
columnar  and  laminated  trachyte  ;  but  I  was  unable  to 
trace  an  actual  junction.  It  contains  numerous  crystals 
of  glassy  feldspar  and  black  microscopical  specks,  and 
is  marked  with  small  darker  patches,  exactly  as  in  the 
surrounding  trachyte.  Its  basis,  however,  when  viewed 
under  the  microscope,  is  generally  quite  earthy ;  but 
sometimes  it  exhibits  a  decidedly  crystalline  structure. 
On  the  hill  marked  '  Crater  of  an  old  volcano,'  it  passes 

'  This  space  is  nearly  included  by  a  line  sweeping  round  Green 
Mountain,  and  joining  the  hills,  called  the  Weather  Port  Signal,  Holy- 
head, and  that  denominated  (improperly  in  a  geological  sense)  'the 
Cxater  of  an  old  volcano.' 

E 
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into  a  pale  greenish-gray  variety,  differing  only  in  its 
colour,  and  in  not  being  so  earthy ;  the  passage  was  in 
one  case  effected  insensibly ;  in  another,  it  was  formed 
by  numerous,  rounded  and  angular,  masses  of  the  green- 
ish variety,  being  embedded  in  the  white  variety  ; — in 
this  latter  case,  the  appearance  was  very  much  like  that 
of  a  sedimentary  deposit,  torn  up  and  abraded  during 
the  deposition  of  a  subsequent  stratum.  Both  these 
varieties  are  traversed  by  innumerable  tortuous  veins 
(presently  to  be  described),  which  are  totally  unlike 
injected  dikes,  or  indeed  any  other  veins  which  I  have 
ever  seen.  Both  varieties  include  a  few  scattered  frag- 
ments, large  and  small,  of  dark-coloured  scoriaceous 
rocks,  the  cells  of  some  of  which  are  partially  filled  with 
the  white  earthy  stone;  they  likewise  include  some 
huge  blocks  of  a  cellular  porphyry.^  These  fragments 
project  from  the  weathered  surface,  and  perfectly  re- 
semble fragments  embedded  in  a  true  sedimentary  tuff. 
But  as  it  is  known  that  extraneous  fragments  of  cellu- 
lar rock  are  sometimes  included  in  colimMiar  trachyte, 
in  phonolite,^  and  in  other  compact  lavas,  this  circum- 
stance is  not  any  real  argument  for  the  sedimentary 
origin  of  the  white  earthy  stone.^  The  insensible 
passage  of  the  greenish  variety  into  the  white  one, 
and  likewise  the  more  abrupt  passage  by  fragments  of 
the  former  being  embedded  in  the  latter,  might  result 

*  The  porphyry  is  dark  coloured  ;  it  contains  numerous,  often  frac- 
tured, crystals  of  white  opaque  feldspar,  also  decomposing  crystals  of 
oxide  of  iron  ;  its  vesicles  include  masses  of  delicate,  hair-like,  crystals, 
apparently  of  analcime. 

*  D'Aubuisson,  '  Traiti  de  G^gnoeie,'  torn.  ii.  p.  648. 

■  Dr.  Daubeny  (on  Volcanos,  p.  180)  seems  to  have  been  led  to  be- 
lieve that  certain  trachytic  formations  of  Ischia  and  of  the  Puy  de 
D6me,  which  closely  resemble  these  of  Ascension,  were  of  sedimentary 
origin,  chiefly  from  the  frequent  presence  in  them  *  of  scoriform  por- 
tions, different  in  colour  from  the  matrix.'  Br.  Daubeny  adds,  that  on 
the  other  hand,  Brocchi,  and  other  eminent  geologists,  have  considered 
these  beds  as  earthy  varieties  of  trachyte ;  he  considers  the  subject 
de-serving  of  further  attention. 
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from  slight  differences  in  the  composition  of  the  same 
mass  of  molten  stone,  and  from  the  abrading  action  of 
one  such  part  still  fluid  on  another  part  already  solidi- 
fied. The  curiously  formed  veins  have,  I  believe,  been 
formed  by  siliceous  matter  being  subsequently  segre- 
gated. But  my  chief  reason  for  believing  that  these 
soft  earthy  stones,  with  their  extraneous  fragments,  are 
not  of  sedimentary  origin,  is  the  extreme  improbability 
of  crystals  of  feldspar,  black  microscopical  specks,  and 
small  stains  of  a  darker  colour  occurring  in  the  same 
proportional  numbers  in  an  aqueous  deposit,  and  in 
masses  of  solid  trachyte.  Moreover,  as  I  have  remarked, 
the  microscope  occasionally  reveals  a  crystalline  struc- 
ture in  the  apparently  earthy  basis.  On  the  other 
hand,  the  partial  decomposition  of  such  great  masses  of 
trachyte,  forming  whole  momitains,  is  undoubtedly  a 
circumstance  of  not  easy  explanation. 

Veins  in  the  earthy  trdchytic  masses. — These  veins 
are  extraordinarily  numerous,  intersecting  in  the  most 
complicated  manner  both  coloured  varieties  of  the 
earthy  trachyte :  they  are  best  seen  on  the  flanks  of 
the  '  Crater  of  the  old  volcano.'  They  contain  crystals 
of  glassy  feldspar,  black  microscopical  specks  and  little 
dark  stains,  precisely  as  in  the  surrounding  rock  ;  but 
the  basis  is  very  different,  being  exceedingly  hard, 
compact,  somewhat  brittle,  and  of  rather  less  easy 
fiisibility.  The  veins  vary  much,  and  suddenly,  from 
the  tenth  of  an  inch  to  one  inch  in  thickness;  they 
often  thin  out,  not  only  on  their  edges,  but  in  their 
central  parts,  thus  leaving  round,  irregular  apertures  ; 
their  surfaces  are  rugged.  They  are  inclined  at  every 
possible  angle  with  the  horizon, or  are  horizontal;  they 
are  generally  curvilinear,  and  often  interbranch  one 
with  another.  From  their  hardness  they  withstand 
weathering,  and  projecting  two  or  three  feet  above  the 
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ground,  they  occasionally  extend  some  yards  in  length  ; 
these  plate-like  veins,  when  struck,  emit  a  sound,  almost 
like  that  of  a  drum,  and  they  may  be  distinctly  seen  to 
vibrate ;  their  fragments,  which  are  strewed  on  the 
ground,  clatter  like  pieces  of  iron  when  knocked  against 
each  other.  They  often  assume  the  most  singular 
forms ;  I  saw  a  pedestal  of  the  earthy  trachyte,  covered 
by  a  hemispherical  portion  of  a  vein,  like  a  great 
umbrella,  suflSciently  large  to  shelter  two  persons.  I 
have  never  met  with,  or  seen  described,  any  veins  like 
these ;  but  in  form  they  resemble  the  ferruginous  seams, 
due  to  some  process  of  segregation,  occurring  not  im- 
commonly  in  sandstones, — for  instance,  in  the  New  Red 
sandstone  of  England.  Numerous  veins  of  jasper  and 
of  siliceous  sinter,  occurring  on  the  summit  of  this 
same  hill,  show  that  there  has  been  some  abundant 
source  of  silica,  and  as  these  plate-like  veins  differ  from 
the  trachyte  only  in  their  greater  hardness,  brittleness, 
and  less  easy  fusibility,  it  appears  probable  that  their 
origin  is  due  to  the  segregation  or  infiltration  of  silice- 
ous matter,  in  the  same  manner  as  happens  with  the 
oxides  of  iron  in  many  sedimentary  rocks. 

Siliceous  avnter  and  jasper. — The  siliceous  sinter 
is  either  quite  white,  of  little  specific  gravity,  and  with 
a  somewhat  pearly  fracture,  passing  into  pinkish  pearly 
quartz ;  or  it  is  yellowish  white,  with  a  harsh  fracture, 
and  it  then  contains  an  earthy  powder  in  small  cavities. 
Both  varieties  occur,  either  in  large  irregular  masses 
in  the  altered  trachyte,  or  in  seams  included  in  broad, 
vertical,  tortuous,  irregular  veins  of  a  compact,  harsh, 
stone  of  a  dull  red  colour,  appearing  like  a  sandstone. 
This  stone,  however,  is  only  altered  trachyte;  and  a 
nearly  similar  variety,  but  often  honeycombed,  some- 
times adheres  to  the  projecting  plate-like  veins,  des- 
cribed in  the  last  paragraph.     The  jasper  is  of  an  ochre 
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yellow  or  red  colour ;  it  occurs  in  large  irregular  masses, 
and  sometimes  in  veins,  both  in  the  altered  trachyte 
and  in  an  associated  mass  of  scoriaceous  basalt.  The 
cells  of  the  scoriaceous  basalt  are  lined  or  filled  with 
fine,  concentric  layers  of  chalcedony,  coated  and  studded 
with  bright-red  oxide  of  iron.  In  this  rock,  especially 
in  the  rather  more  compact  parts,  irregular  angular 
patches  of  the  red  jasper  are  included,  the  edges  of 
which  insensibly  blend  into  the  surrounding  mass  ; 
other  patches  occur  having  an  intermediate  character 
between  perfect  jasper  and  the  ferruginous,  decomposed, 
basaltic  base.  In  these  patches,  and  likewise  in  the 
large  vein-like  masses  of  jasper,  there  occur  little 
rounded  cavities,  of  exactly  the  same  size  and  form 
with  the  air-cells,  which  in  the  scoriaceous  basalt  are 
filled  and  lined  with  layers  of  chalcedony.  Small  frag- 
ments of  the  jasper,  examined  imder  the  microscope, 
seem  to  resemble  the  chalcedony  with  its  colouring 
matter  not  separated  into  layers,  but  mingled  in  the 
siliceous  paste,  together  with  some  impurities.  I  can 
understand  these  facts,— namely,  the  blending  of  the 
jasper  into  the  semi-decomposed  basalt, — its  occurrence 
in  angular  patches,  which  cleaily  do  not  occupy  pre- 
existing hollows  in  the  rock, — and  its  containing  little 
vesicles  filled  with  chalcedony,  like  those  in  the  scori- 
acefbus  lava, — only  on  the  supposition  that  a  fluid, 
probably  the  same  fluid  which  deposited  the  chalcedony 
in  the  air-cells,  removed  in  those  parts  where  there 
were  no  cavities,  the  ingredients  of  the  basaltic  rock, 
and  left  in  their  place  silica  and  iron,  and  thus  pro- 
duced the  jasper.  In  some  specimens  of  silicified  wood, 
I  have  observed,  that  in  the  same  manner  as  in  the 
basalt,  the  solid  parts  were  converted  into  a  dark- 
coloured  homogeneous  stone,  whereas  the  cavities 
formed  by  the  larger  sap-vessels  (which  may  be  com- 
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pared  with  the  air-vesicles  in  the  basaltic  lava)  and 
other  irreg^ular  hollows,  apparently  produced  by  decay, 
were  filled  with  concentric  layers  of  chalcedony ;  in  this 
case,  there  can  be  little  doubt  that  the  same  fluid 
deposited  the  homogeneous  base  and  the  chalcedonic 
layers.  After  these  considerations,  I  cannot  doubt  but 
that  the  jasper  of  Ascension  may  be  viewed  as  a  volcanic 
rock  silicified,  in  precisely  the  same  sense  as  this  term 
is  applied  to  wood,  when  silicified ;  we  are  equally 
ignorant  of  the  means  by  which  every  atom  of  wood, 
whilst  in  a  perfect  state,  is  removed  and  replaced  by 
atoms  of  silica,  as  we  are  of  the  means  by  which  the 
constituent  parts  of  a  volcanic  rock  could  be  thus  acted 
on.*  I  was  led  to  the  careful  examination  of  these  rocks, 
and  to  the  conclusion  here  given,  from  having  heard 
the  Rev.  Professor  Henslow  express  a  similar  opinion, 
regarding  the  origin  in  trap-rocks  of  many  chalcedonies 
and  agates.  Siliceous  deposits  seem  to  be  very  general, 
if  not  of  universal  occurrence,  in  partially  decomposed 
trachytic  tuffs ;  ^  and  as  these  hills,  according  to  the 
view  above  given,  consist  of  trachyte  softened  and 
altered  in  aitu^  the  presence  of  free  silica  in  this  case 
may  be  added  as  one  more  instance  to  the  list. 

Concretions  in  pumiceous  tuff. — ^The  hill,  marked 

»  Beudant  ('  Voyage  en  Hongrie/  torn.  iii.  pp.  602, 504)  describes  kid- 
ney-shaped masses  of  jasper-opal,  which  either  blend  intx)  the  surround- 
ing trachytic  conglomerate,  or  are  embedded  in  it  like  chalk-flints  ;  and 
he  compares  them  with  the  fragments  of  opalised  wood,  which  are 
abundant  in  this  ^ame  formation.  Beudant,  however,  appears  to  have 
viewed  the  process  of  their  formation  rather  as  one  of  simple  infiltra- 
tion than  of  molecular  exchange ;  but  the  presence  of  a  concretion, 
wholly  different  from  the  surrounding  matter,  if  not  formed  in  a  pre- 
existing hollow,  clearly  seems  to  me  to  require,  either  a  molecular  or 
mechanical  displacement  of  the  atoms,  which  occupied  the  space  after- 
wards filled  by  it.  The  jasper-opal  of  Hungary  passes  into  chalcedony, 
and  therefore  in  this  case,  as  in  that  of  Ascension,  jasper  seems  to  be 
intimately  related  in  origin  with  chalcedony. 

'  Beudant  ('  Voyage  Min.'  tom.  iii.  p.  507)  enumerates  ca^es  in  Hun- 
gaxy,  Germany,  Central  France,  Italy,  Greece,  and  Mexico. 
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in  the  map  *■  Crater  of  an  old  volcano,'  has  no  claims  to 
this  appellation,  which  I  could  discover,  except  in  being 
surmounted  by  a  circular,  veiy  shallow,  saucer-like 
summit,  nearly  half  a  mile  in  diameter.  This  hollow 
has  been  nearly  filled  up  with  many  successive  sheets  of 
ashes  and  scoriae,  of  different  colours,  and  slightly  con- 
solidated. Each  successive  saucer-shaped  layer  crops 
out  all  round  the  margin,  forming  so  many  rings  of 
various  colours,  and  giving  to  the  hill  a  fantastic 
appearance.  The  outer  ring  is  broad,  and  of  a  white 
colour ;  hence  it  resembles  a  course  round  which  horses 
have  been  exercised,  and  has  received  the  name  of  the 
Devil's  Riding  School,  by  which  it  is  most  generally 
known.  These  Successive  layers  of  ashes  must  have 
fallen  over  the  whole  surrounding  country,  but  they 
have  all  been  blown  away  except  in  this  one  hollow, 
in  which  probably  moisture  accumulated,  either  during 
an  extraordinary  year  when  rain  fell,  or  during  the 
storms  often  accompanying  volcanic  eruptions.  One  of 
the  layers  of  a  pinkish  colour,  and  chiefly  derived 
from  small,  decomposed  fragments  of  pumice,  is  remark- 
able, from  containing  numerous  concretions.  These 
are  generally  spherical,  from  half-an-inch  to  three 
inches  in  diameter;  but  they  are  occasionally  cylin- 
drical, like  those  of  iron-pyrites  in  the  chalk  of  Europe. 
They  consist  of  a  very  tough,  compact,  pale-brown 
stone,  with  a  smooth  and  even  fractnre.  They  are 
divided  into  concentric  layers  by  thin  white  partitions, 
resembling  the  external  superficies;  six  or  eight  of 
such  layers  are  distinctly  defined  near  the  outside ;  but 
those  towards  the  inside  generally  become  indistinct, 
and  blend  into  a  homogeneous  mass.  I  presume  that 
these  concentric  layers  were  formed  by  the  shrinking  of 
the  concretion,  as  it  became  compact.  The  interior 
part  is  generally  fissured  by  minute  cracks  or  septaria, 
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which  are  lined,  both  by  black,  metallic,  and  by  other 
white  and  crystalline  specks,  the  nature  of  which  I  was 
unable  to  ascertain.  Some  of  the  larger  concretions 
consist  of  a  mere  spherical  shell,  filled  with  slightly 
consolidated  ashes.  The  concretions  contain  a  small 
proportion  of  carbonate  of  lime:  a  fragment  placed 
under  the  blowpipe  decrepitates,  then  whitens  and 
fuses  into  a  blebby  enamel,  but  does  not  become  caustic. 
The  surrounding  ashes  do  not  contain  any  carbonate  of 
lime ;  hence  the  concretions  have  probably  lieen  formed, 
as  is  so  often  the  case,  by  the  aggregation  of  this  sub- 
stance. I  have  not  met  with  any  account  of  similar 
concretions  ;  and  considering  their  great  toughness  and 
compactness,  their  occurrence  in  a  bed,  which  probably 
has  been  subjected  only  to  atmospheric  moisture,  is 
remarkable. 

FoTTnation  of  cahareoua  rocks  on  the  aea-coast. — 
On  several  of  the  sea- beaches,  there  are  immense  accu- 
mulations of  small,  well-rounded  particles  of  shells  and 
corals,  of  white,  yellowish,  and  pink  colours,  inter- 
spersed with  a  few  volcanic  particles.  At  the  depth  of 
a  few  feet,  these  are  found  cemented  together  into 
stone,  of  which  the  softer  varieties  are  used  for  build- 
ing; there  are  other  varieties,  both  coarse  and  fine- 
grained, too  hard  for  this  purpose :  and  I  saw  one 
mass  divided  into  even  layers  half-an-inch  in  thickness, 
which  were  so  compact  that  when  struck  with  a  hammer 
they  rang  like  flint.  It  is  believed  by  the  inhabitants, 
that  the  particles  become  united  in  the  course  of  a 
single  year.  The  union  is  effected  by  calcareous 
matter ;  and  in  the  most  compact  varieties,  each 
rounded  particle  of  shell  and  volcanic  rock  can  be  dis- 
tinctly seen  to  be  enveloped  in  a  husk  of  pellucid 
carbonate  of  lime.  Extremely  few  perfect  shells  are 
embedded  in  these  agglutinated  masses;  and  I  have 
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examined  even  a  large  fragment  under  a  microscope, 
without  being  able  to  discover  the  last  vestige  of  ^rise 
or  other  marks  of  external  form :  this  shows  how  long 
each  particle  must  have  been  rolled  about,  before  its 
turn  came  to  be  embedded  and  cemented.*  One  of  the 
most  compact  varieties,  when  placed  in  acid,  was  en- 
tirely dissolved,  with  the  exception  of  some  flocculent 
animal  matter;  its  specific  gravity  was  2'63.  The 
specific  gravity  of  ordinary  limestone  varies  from  2*6  to 
2-75.;  pure  Carrara  marble  was  found  by  Sir  H.  De  la 
Reche  *  to  be  2*7.  It  is  remarkable  that  these  rocks  of 
Ascension,  formed  close  to  the  surface,  should  be  nearly 
as  coinpact  as  marble,  which  has  undergone  the  action 
of  heat  and  pressure  in  the  plutonic  regions. 

The  great  accumulation  of  loose  calcareous  particles, 
lying  on  the  beach  near  the  Settlement,  commeuces  in 
the  mouth  of  October,  moving  towards  the  SW.,  which, 
as  I  was  informed  by  Lieut.  Evans,  is  caused  by  a  change 
in  the  prevailing  direction  of  the  currents.  At  this  period 
the  tidal  rocks,  at  the  SW.  end  of  the  beach,  where  the 
calcareous  sand  is  accumulating,  and  round  which  the 
currents  sweep,  become  gradually  coated  with  a  calcare- 
ous incrustation,  half-^n-inch  in  thickness.  It  is  quite 
white,  compact,  with  some  parts  slightly  spathose,  and 
is  firmly  attached  to  the  rock.  After  a  short  time  it 
gradually  disappears,  being  either  redissolved,  when 
the  water  is  less  charged  with  lime,  or  more  probably  is 
mechanically  abraded.  Lieut.  Evans  has  observed  these 
facts,  during  the  six  years  he  has  resided  at  Ascension. 
The  incrustation  varies  in  thickness  in  different  years  : 
in  1831  it  was  unusually  thick.     When  I  was  there  in 

'  The  eggs  of  the  turtle  being  buried  by  the  parent,  sometimes  be- 
come enclosed  in  the  solid  rock.  Mr.  Lyell  nas  given  a  figure  ('Princi- 
ples of  Geology,'  book  iii.  ch.  17)  of  some  eggs,  containing  the  bones  of 
jonng  turtles,  found  thus  entombed. 

*  *  Researches  in  Theoretical  Geology,*  p.  12. 
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July,  there  was  no  remnant  of  the  incruBtation ;  but  on 
a  point  of  basalt,  from  which  the  quanymen  had  lately 
lemoved  a  mass  of  the  calcareous  freestone,  the  incrusta- 
tion was  perfectly  preserved.  Considering  the  position 
of  the  tidal  rocks,  and  the  period  at  which  they  become 
coated,  there  can  be  no  doubt  that  the  movement  and  dis- 
turbance of  the  vast  accumulation  of  calcareous  particles, 
many  of  them  being  partially  agglutinated  together, 
cause  the  waves  of  the  sea  to  be  so  highly  charged 
with  carbonate  of  lime,  that  they  deposit  it  on  the  first 
objects  against  which  they  impinge.  I  have  been  in- 
formed by  Lieut.  Holland,  R.N.,  that  this  incrusta- 
tion is  formed  on  many  parts  of  the  coast,  on  moat  of 
which,  I  believe,  there  are  likewise  great  masses  of 
comminuted  shells. 

A  frondescent  calcareous  incrustation.— lu  many 
respects  this  is  a  singular  deposit ;  it  coats  through- 
out the  year  the  tidal  volcanic  rocks,  that  project  from 


the  beaches  composed  of  broken  shells.  Its  general 
appearance .  is  well  represented  in  the  accompanying 
-woodcut;  but  the  fronds  or  disks,  of  which  it  is  com- 
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posed,  are  generally  so  closely  crowded  together  as  to 
touch.  These  fronds  have  their  sinuous  edges  finely 
crenulated,  and  they  project  over  their  pedestals  or 
supports ;  their  upper  surfaces  are  either  slightly  con- 
cave, or  slightly  convex  ;  they  are  highly  polished,  and 
of  a  dark  gray  or  jet  black  colour ;  their  form  is  irre- 
gular, generally  circular,  and  from  the  tenth  of  an  inch 
to  one  inch  and  a-half  in  diameter ;  their  thickness,  or 
amount  of  their  projection  from  the  rock  on  which  they 
stand,  varies  much,  about  a  quarter  of  an  inch  being  per- 
haps most  usual.  The  fronds  occasionally  become  more 
and  more  convex,  until  they  pass  into  botryoidal  masses 
with  their  summits  fissured ;  when  in  this  state,  they  are 
glossy  and  of  an  intense  black,  so  as  to  resemble  some 
fused  metallic  substance.  I  have  shown  the  incrustation, 
both  in  this  latter  and  in  its  ordinary  state  to  several 
geologists,  but  not  one  could  conjecture  its  origin,  except 
that  perhaps  it  was  of  volcanic  nature  I 

The  substance  forming  the  fronds  has  a  very  com- 
pact and  often  almost  crystalline  fracture ;  the  edges 
being  translucent,  and  hard  enough  easily  to  scratch 
calcareous  spar.  Under  the  blowpipe  it  immediately  be- 
comes white,  and  emits  a  strong  animal  odour,  like  that 
from  fresh  shells.  It  is  chiefly  composed  of  carbonate 
of  lime  ;  when  placed  in  muriatic  acid  it  froths  much, 
leaving  a  residue  of  sulphate  of  lime,  and  of  an  oxide  of 
iron,  together  with  a  black  powder,  which  is  not  soluble 
in  heated  acids.  This  latter  substance  seems  to  be  car- 
bonaceous, and  is  evidently  the  colouring  matter.  The 
sulphate  of  lime  is  extraneous,  and  occurs  in  distinct, 
excessively  minute,  lamellar  plates,  studded  on  the  sur- 
faces of  the  fronds,  and  embedded  between  the  fine 
layers  of  which  they  are  composed  ;  when  a  fragment  is 
heated  in  the  blowpipe,  these  lamellae  are  immediately 
rendered  visible.     The  original  outline  of  the   fronds 
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may  often  be  traced,  either  to  a  minute  particle  of  sbdl 
fixed  in  a  crevice  of  the  rock,  or  to  several  cemented 
together ;  these  first  become  deeply  corroded,  by  the 
dissolving  power  of  the  waves,  into  sharp  ridges,  and 
then  are  coated  with  successive  layers  of  the  glossy, 
gray,  calcareous  incrustation.  The  inequalities  of  the 
primary  support  affect  the  outline  of  every  successive 
layer,  in  the  same  manner  as  may  often  be  seen  in 
bezoar-stones,  when  an  object  like  a  nail  forms  the 
centre  of  aggregation.  The  crenulated  edges,  how- 
ever, of  the  frond  appear  to  be  due  to  the  corroding 
power  of  the  surf  on  its  own  deposit,  alternating  with 
fresh  depositions.  On  some  smooth  basaltic  rocks  on 
the  coast  of  St.  Jago,  I  found  an  exceedingly  thin  layer 
of  brown  calcareous  matter,  which  under  a  lens  pre- 
sented a  miniature  likeness  of  the  crenulated  and 
polished  fronds  of  Ascension  ;  in  this  case  a  basis  was 
not  aflForded  by  any  projecting  extraneous  particles. 
Although  the  incrustation  at  Ascension  is  persistent 
throughout  the  year ;  yet  from  the  abraded  appearance 
of  some  parts,  and  from  the  fresh  appearance  of  other 
parts,  the  whole  seems  to  undergo  a  round  of  decay 
and  renovation,  due  probably  to  changes  in  the  form 
of  the  shifting  beach,  and  consequently  in  the  action 
of  the  breakers:  hence  probably  it  is,  that  the  incrusta- 
tion never  acquires  a  great  thickness.  Considering  the 
position  of  the  encrusted  rocks  in  the  midst  of  the  cal- 
careous beach,  together  with  its  composition,  I  think 
there  can  l>e  no  doubt  that  its  origin  is  due  to  the  disso- 
lution and  subsequent  deposition  of  the  matter  com- 
posing  the   rounded    particles   of  shells   and   corals.^ 

'  Tho  selenito,  as  I  have  remarked,  is  extraneous,  and  must  have 
been  derived  from  tlio  sea-water.  It  is  an  interesting  circumstance 
thus  to  find  Uie  waves  of  the  ocean,  sufficiently  charged  with  sulphate 
of  lime,  to  deposit  it  on  the  rocks,  against  which  they  dash  every  tide. 
Dp.  Webster  has  described  ('  Voyage  of  the  ••  Chanticleer,"  '  vol.  ii.  p.  319) 
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From  this  source  it  derives  its  animal  matter,  which 
is  evidently  the  colouring  principle.  The  nature  of 
the  deposit,  in  its  incipient  stage,  can  often  be  well 
seen  upon  a  fragment  of  white  shell,  when  jammed  be- 
tween two  of  the  fronds ;  it  then  appears  exactly  like 
the  thinnest  wash  of  a  pale  gray  varnish.  Its  darkness 
varies  a  little,  but  the  jet  blackness  of  some  of  the 
fronds  and  of  the  botryoidal  masses  seems  due  to  the 
translucency  of  the  successive  gray  layers.  There  is, 
however,  this  singular  circumstance,  that  when  de-' 
posited  on  the  under  side  of  ledges  of  rock  or  in  fissures, 
it  appears  always  to  be  of  a  pale,  pearly  gray  colour, 
even  when  of  considerable  thickness :  hence  one  is  led 
to  suppose,  that  an  abundance  of  light  is  necessary  to 
the  development  of  the  dark  colour,  in  the  same 
manner  as  seems  to  be  the  case  with  the  upper  and  ex- 
posed sur&ces  of  the  shells  of  living  moUusca,  which 
are  always  dark,  compared  with  their  under  surfaces 
and  with  the  parts  habitually  covered  by  the  mantle  of 
the  animal.  In  this  circumstance, — in  the  immediate 
loss  of  colour  and  in  the  odour  emitted  under  the  blow- 
pipe,— in  the  degree  of  hardness  and  translucency  of 
the  edges, — and  in  the  beautiful  polish  of  the  surface,* 
rivalling  when  in  a  fresh  state  that  of  the  finest  Oliva, 
there  is  a  striking  analogy  between  this  inorganic  in- 


bedfl  of  gypsum  and  salt,  as  much  as  two  foet  in  thickness,  left  by  the 
eraporation  of  the  spray  on  the  rocks  on  the  windward  coast.  Beautiful 
stalactiti'^  of  selenite,  resembling  in  form  those  of  carbonate  of  lime, 
are  formed  near  these  beds.  Amorphous  masses  of  gypsum,  also,  occur 
in  carems  in  the  interior  of  the  island;  and  at  Cross  Hill  (an  old 
crater)  I  saw  a  considerable  quantity  of  salt  oozing  from  a  pile  of  scoris. 
In  these  latter  cases,  the  salt  and  gypsum  appear  to  be  volcanic 
products. 

'  From  the  fact  described  in  my  '  Journal  of  Hesearches '  (p.  12),  of  a 
eoating  of  oxide  of  iron,  deposited  by  a  streamlet  on  the  rocks  in  its  bed 
^ike  a  nearly  similar  coating  at  the  great  cataracts  of  the  Orinooco  and 
Nile),  beccnning  finely  polished  where  the  surf  acts,  I  presume  that 
the  nrf  in  this  instance,  also,  is  the  polishing  agent. 
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crustation  and  the  shells  of  li\dng  molluscous  animals.^ 
This  appears  to  me  to  be  an  interesting  physiological 
fact.* 

Singular  laminated  beds  alternating  with  and 
passing  into  obsidian. —  These  beds  occur  within  the 
trachytic  district,  at  the  western  base  of  Green  Mountain, 
under  which  they  dip  at  a  high  inclination.  They  are 
only  partially  exposed,  being  covered  up  by  modem 
ejections ;  from  this  cause,  I  was  unable  to  trace  their 
junction  with  the  trachyte,  or  to  discover  whether  they 
had  flowed  as  a  stream  of  lava,  or  had  been  injected 
amidst  the  overlying  strata.  There  are  three  principal 
beds  of  obsidian,  of  which  the  thickest  forms  the  base 
of  the  section.  The  alternating  stony  layers  appear  to 
me  eminently  curious,  and  shall  be  first  described,  and 
afterwards  their  passage  into  the  obsidian.  They  have 
an  extremely  diversified  appearance ;  five  principal 
varieties  may  be  noticed,  but  these  insensibly  blend 
into  each  other  by  endless  gradations. 

First, — A  pale  gray,  irregularly  and  coarsely  lami- 
nated,'* harsh-feeling  rock,  resembling  clay-slate  which 

*  In  the  section  descriptive  of  St.  Paul's  Rocks,  I  have  described  a 
glossy,  pearly  substance,  which  coats  the  rocks,  and  an  allied  stalac- 
titical  incrustation  from  Ascension,  the  crust  of  which  resembles  the 
enamel  of  teeth,  but  is  hard  enough  to  scratch  plate  glass.  Both  these 
substances  contain  animal  matter,  and  seem  to  have  been  derived  from 
water  infiltering  through  birds'  dung. 

^  Mr.  Horner  and  Sir  David  Brewster  have  described  ('  Philosophical 
Transactions,'  J 836,  p.  6«5)  a  singular  'artificial  substance,  resembling 
shell.'  It  is  deposited  in  fine,  transparent,  highly  polished,  brown- 
coloured  lamina?,  possessing  peculiar  optical  properties,  on  the  inside  of 
a  vessel,  in  which  cloth,  first  prepared  with  glue  and  then  with  lime,  is 
made  to  revolve  rapidly  in  water.  It  is  much  softer,  more  transparent, 
and  contains  more  animal  matter,  than  the  natural  incrustation  at 
Ascension  ;  but  we  here  again  see  the  strong  tendency  which  carbonate 
of  lime  and  animal  matter  evince  to  form  a  solid  substance  allied  to 
shell. 

*  This  term  is  open  to  some  misinterpretation,  As  it  may  be  applied 
both  to  rocks  divided  into  lamina  of  exactly  the  Sjime  composition,* 
and  to  layers  firmly  attached  to  each  other,  with  no  fissile  tendency,  but 
composed  of  different  minerals,  or  of  different  shades  of  colour.     The 
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has  been  in  contact  with  a  trap-dike,  and  with  a  frac- 
ture of  about  the  same  degree  of  crystalline  structure. 
This  rock,  as  well  as  the  following  varieties,  easily  fuse 
into  a  pale  glass.  The  greater  part  is  honey-combed 
with  irregular,  angular,  cavities,  so  that  the  whole  has 
a  curious  appearance,  and  some  fragments  resemble  in 
a  remarkable  manner  silicified  logs  of  decayed  wood. 
This  variety,  especially  where  more  compact,  is  often 
marked  with  thin  whitish  streaks,  which  are  either 
straight  or  wrap  round,  one  behind  the  other,  the 
elongated  carious  hollows. 

Secondly, — A  bluish  gray  or  pale  brown,  compact, 
heavy,  homogeneous  stone,  with  an  angular,  imeven, 
earthy  fracture ;  viewed,  however,  under  a  lens  of  high 
power,  the  fracture  is  seen  to  be  distinctly  crystalline, 
and  even  separate  minerals  can  be  distinguished. 

Thirdly, — A  stone  of  the  same  kind  with  the  last, 
but  streaked  with  numerous,  parallel,  slightly  tortuous, 
white  lines  of  the  thickness  of  hairs.  These  white  lines 
are  more  crystalline  than  the  parts  between  them ;  and 
the  stone  splits  along  them :  they  frequently  expand 
into  exceedingly  thin  cavities,  which  are  often  only 
just  perceptible  with  a  lens.  The  matter  forming  the 
white  lines  becomes  better  crystallised  in  these  cavities, 
and  Prof.  Miller  was  fortunate  enough,  after  several 
trials,  to  ascertain  that  the  white  crystals,  which  are  the 
largest,  were  of  quartz,*  and  that  the  minute  green  trans- 
parent needles  were  augite,  or,  as  they  would  more 
generally  be  called,  diopside:  besides  these  crystals, 
there  are  some  minute,  dark  specks  without  a  trace  of 

term  '  laminated/  in  this  chapter,  is  applied  in  these  latter  senses ;  where 
a  homogeneous  ro<*k  splits,  as  in  the  former  sense,  in  a  given  direction, 
like  daj-slate,  I  have  used  the  term  '  fissile.' 

'  Professor  Miller  informs  me  that  the  crystals  which  he  measured 
had  the  faces  P,  z^  m  of  the  figure  (147)  given  by  Haidinger  in  his 
Translation  of  Mohs ;  and  he  adds,  that  it  is  remarkable,  that  none  of 
them  hod  the  slightest  trace  of  faces  r  of  the  regular  six-sided  prism. 
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crystallisation,  and  some  fine,  white,  granular,  crys- 
talline matter  which  is  probably  feldspar.  Minute 
firagments  of  this  rock  are  easily  fusible. 

Fourthly, — A  compact  crystalline  rock,  banded  in 
straight  lines  with  innumerable  layers  of  white  and 
gray  shades  of  colour,  varying  in  width  from  the  -/^th 
to  the  277^^  ^^  ^^  ^^^  '  these  layers  seem  to  be  com- 
posed chiefly  of  feldspar,  and  they  contain  numerous 
perfect  crystals  of  glassy  feldspar,  which  are  placed 
lengthways ;  they  are  also  thickly  studded  with  micro- 
scopically minute,  amorphous,  black  specks,  which  nre 
placed  in  rows,  either  standing  separately,  or  more 
frequently  united,  two  or  three  or  several  together,  into 
black  lines,  thinner  than  a  hair.  •  When  a  small  frag- 
ment is  heated  in  the  blowpipe,  the  black  specks  are 
easily  fused  into  black  brilliant  beads,  which  become 
magnetic, — characters  that  apply  to  no  common  mineral 
except  hornblende  or  augite.  With  the  black  specks 
there  are  mingled  some  others  of  a  red  colour,  which  are 
magnetic  before  being  heated,  ^nd  no  doubt  are  oxide 
of  iron.  Round  two  little  cavities,  in  a  specimen  of 
this  variety,  I  found  the  black  specks  aggregated  into 
minute  crystals,  appearing  like  those  of  augite  or  horn- 
blende, but  too  dull  and  small  to  be  measured  by  the 
goniometer ;  in  this  specimen,  also,  I  could  distinguish 
amidst  the  crystalline  feldspar,  grains,  which  had  the 
aspect  of  quartz.  By  trying  with  a  parallel  ruler,  I 
found  that  the  thin  gray  layers  and  the  black  hair-like 
lines  were  absolutely  straight  and  parallel  to  each 
other.  It  is  impossible  to  trace  the  gradation  from  the 
homogeneous  gray  rocks  to  these  striped  varieties,  or 
indeed  the  character  of  the  diflFerent  layers  in  the  same 
specimen,  without  feeling  convinced  that  the  more  or 
less  perfect  whiteness  of  the  crystalline  feldspathic 
matter  depends  on  the  more  or  less  perfect  aggregation 
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of  diffused  matter,  into  the  black  and  red  specks  of 
hornblende  and  oxide  of  iron. 

Fifthly, — A  compact  heavy  rock,  not  laminated, 
with  an  irregidar,  angular,  highly  crystalline,  fracture ; 
it  abounds  with  distinct  crystals  of  glassy  feldspar,  and 
the  crystalline  feldspathic  base  is  mottled  with  a  black 
mineral^  which  on  the  weathered  surface  is  seen  to  be 
aggregated  into  small  crystals,  some  perfect,  but  the 
greater  number  imperfect.  I  showed  this  specimen  to 
an  experienced  geologist,  and  asked  him  what  it  was, 
he  answered,  as  I  think  every  one  else  would  have  done, 
that  it  was  a  primitive  greenstone.  The  weathered 
surface,  also,  of  the  foregoing  (No.  4)  banded  variety, 
strikingly  resembles  a  worn  fiagment  of  finely  laminated 
gneiss. 

These  five  varieties,  with  many  intermediate  ones, 
pass  and  repass  into  each  other.  As  the  compact 
varieties  are  quite  subordinate  to  the  others,  the  whole 
may  be  considered  as  laminated  or  striped.  The  laminae, 
to  sum  up  their  characteristics,  are  either  quite  straight, 
or  slightly  tortuous,  or  convoluted ;  they  are  all  parallel 
to  each  other,  and  to  the  intercalating  strata  of  obsidian ; 
they  are  generally  of  extreme  thinness;  they  consist 
either  of  an  apparently  homogeneous,  compact  rock, 
striped  with  diflTerent  shades  of  gray  and  brown  colours, 
or  of  crystalline  feldspathic  layers  in  a  more  or  less 
perfect  state  of  purity,  and  of  diflFerent  thicknesses,  with 
distinct  crystals  of  glassy  feldspar  placed  lengthways,  or 
of  very  thin  layers  chiefly  composed  of  minute  crystals 
of  quartz  and  augite,  or  composed  of  black  and  red 
specks  of  an  augitic  mineral  and  of  an  oxide  of  iron, 
either  not  crystallised  or  imperfectly  so.  After  having 
fully  described  the  obsidian,  I  shall  return  to  the  subject 
of  the  lamination  of  rocks  of  the  trachytic  series. 

The  pasfiage  of  the  foregoing  beds  into  the  strata  of 
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glassy  obsidian  is  effected  in  several  ways :  first,  angulo- 
modular  masses  of  obsidian,  both  large  and  small, 
abruptly  appear  disseminated  in  a  slaty,  or  in  an  amor- 
phous, pale-coloured  feldspathic  rock,  with  a  somewhat 
pearly  fracture.  Secondly,  small  irregular  nodules  of 
the  obsidian,  either  standing  separately,  or  united  into 
thin  layers,  seldom  more  than  the  tenth  of  an  inch 
in  thickness,  alternate  repeatedly  with  very  thin  layers 
of  a  feldspathic  rock,  which  is  striped  with  the  finest 
parallel  zones  of  colour,  like  an  agate,  and  which  some- 
times passes  into  the  nature  of  pitchstone ;  the  interstices 
between  the  nodules  of  obsidian  are  generally  filled  by 
soft  white  matter,  resembling  pumiceous  ashes.  Thirdly, 
the  whole  substance  of  the  boimding  rock  suddenly 
passes  into  an  angulo-concretionary  mass  of  obsidian. 
Such  masses  (as  well  as  the  small  nodules)  of  obsidian 
are  of  a  pale  green  colour,  and  are  generally  streaked 
with  different  shades  of  colour,  parallel  to  the  laminae 
of  the  surrounding  rock ;  they  likewise  generally  con- 
tain minute  white  sphaerulites,  of  which  half  is  some- 
times embedded  in  a  zone  of  one  shade  of  colour,  and 
half  in  a  zone  of  another  shade.  The  obsidian  assumes 
its  jet  black  colour  and  perfectly  conchoidal  fracture, 
only  when  in  large  masses ;  but  even  in  these,  on  careful 
examination  and  on  holding  the  specimens  in  different 
lights,  I  could  generally  distinguish  parallel  streaks  of 
different  shades  of  darkness. 

One  of  the  commonest  transitional  rocks  deserves  in 
several  respects  a  further  description.  It  is  of  a  very 
complicated  nature,  and  consists  of  numerous  thin, 
slightly  tortuous,  layers  of  a  pale-coloured  feldspathic 
stone,  often  passing  into  an  imperfect  pitchstone,  alter- 
nating with  layers  formed  of  numberless  little  globules 
of  two  varieties  of  obsidian,  and  of  two  kinds  of  sphae- 
rulties,  embedded  in  a  soft  or  in  a  hard  pearly  base. 
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The  Bpbcenilitos  are  either  white  and  translucent,  or 
dark  browa  and  opaque ;  the  former  are  quit«  epherical, 
of  small  size,  and  distinctly  radiated  from  their  centre. 
The  dark  brown  spheerulites  are  less  perfectly  round, 
and  vary  in  diameter  from  the  ^th  to  -jV*^  *'f  *°  vof^  \ 
when  broken  they  exhibit  towards  their  centres,  which 
are  whitish,  an  obscure  radiating  structure;  two  of 
them  when  united,  sometimes  have  only  one  central 
point  of  radiation ;  there  is  occasionally  a  trace  of  a 
hollow  or  crevice  in  their  centres.  They  stand  either 
separately,  or  are  united  two  or  three  or  many  together 
into  irregular  groups,  or  more  commonly  into  layers, 
parallel  to  the  stratification  of  the  mass.  This  union 
in  many  cases  is  bo  perfect,  that  the  two  sides  of  the 
layer  thus  formed,  are  quite  even  ;  and  these  layers,  as 
they  become  less  brown  and  opaque,  cannot  be  distin- 
guished from  the  alternating  layers  of  the  pale-coloured 
feldspathic  atone.  The  sphieruiites,  when  not  united, 
are  generally  compressed  in  the  plane  of  the  lamination 
of  the  mass;  and  in  this  same  plane,  tbey  are  often 
marked   internally,  by   zones   of   different   shades   of 


colour,  and  externally  by  small  ridges  and  furrowa.     In 
the   upper   part   of   the  accompanying   woodcut,   the 
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aphterulites  with  the  parallel-  ridges  and  furrows  are 
represented  on  an  enlarged  scale,  but  they  are  not  well 
executed ;  and  in  the  lower  part,  their  usual  maODer  of 
grouping  is  shown.  Id  another  specimen,  a  thin  layer 
formed  of  the  brown  spheerulites  closely  united  bother, 
intersects,  as  represented  in  the  woodcut,  No.  7,  a  layer 


No.  7. 


of  similar  composition  ;  and  after  running  for  a  short 
space  in  a  slightly  curved  line,  again  intersects  it,  and 
likewise  a  second  layer  lying  a  little  way  beneath  that 
first  intersected.  The  small  nodules  also  of  obsidian  are 
aometimes  externally  marked  with  ridges  and  furrows, 
parallel  to  the  lamination  of  the  mass,  but  always  less 
plainly  than  the  sphssrulites.  These  obsidian  nodules 
are  generally  angular,  with  their  edges  blunt«d :  tbey 
are  often  impressed  with  the  form  of  the  adjoining 
sphjerulites,  than  which  they  are  always  larger;  the 
separate  nodules  seldom  appear  to  have  drawn  each  other 
out  by  exerting  a  mutual  attractive  force.  Had  I  not 
found  in  some  cases,  a  distinct  centre  of  attraction  in 
these  nodules  of  obsidian,  I  should  have  been  led  to 
have  considered  them  as  residuary  matter,  left  during 
the  formation  of  the  pearlstone,  in  which  they  are 
embedded,  and  of  the  sph^rulitic  globules, 

The  sphEerulites  and  the  little  nodules  of  obsidian 
in  these  rocks  so  closely  resemble,  in  general  form  and 
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structure,  concretions  in  sedimentary  deposits,  that  one 
is  at  once  tempted  to  attribute  to  them  an  analogous 
origin*  They  resemble  ordinary  concretions  in  the 
following  respects:  in  their  external  form, — in  the  union 
of  two  or  three,  or  of  several,  into  an  irregular  mass,  or 
into  an  even-sided  layer, — in  the  occasional  intersection 
of  one  such  layer  by  another,  as  in  the  case  of  chalk- 
flints, — in  the  presence  of  two  or  three  kinds  of  nodules, 
often  close  together,  in  the  same  basis, — in  their  fibrous, 
radiating  structure,  with  occasional  hollows  in  their 
centres, — in  the  co-existence  of  a  laminary,  concretionary, 
and  radiating  structure,  as  is  so  well  developed  in  the 
concretions  of  magnesian  limestone,  described  by  Pro- 
fessor Sedgwick.*  Concretions  in  sedimentary  deposits, 
it  is  known,  are  due  to  the  separation  from  the  sur- 
rounding mass  of  the  whole  or  part  of  some  mineral 
substance,  and  its  aggregation  round  certain  points  of 
attraction.  Guided  by  this  fact,  I  have  endeavoured 
to  discover  whether  obsidian  and  the  sphaerulites  (to 
which  may  be  added  marekanite  and  pearlstone,  both 
of  them  occurriug  in  nodular  concretions  in  the  trachytic 
series)  differ  in  their  constituent  parts,  from  the  minerals 
generally  composing  trachytic  rocks.  It  appears  from 
three  analyses,  that  obsidian  contains  on  an  average  76 
per  cent,  of  silica ;  from  one  analysis,  that  sphaerulites 
contain  79*12  ;  from  two,  that  marekanite  contains 
79*25 ;  and  from  two  other  analyses,  that  pearlstone 
contains  75*62  of  silica.^  Now,  the  constituent  parts 
of  trachyte,  as  far  as  they  can  be  distinguished,  consist 
of  feldspar,  containing  65*21  of  silica ;  or  of  albite,  con- 
taining 69*09  ;  of  hornblende,  containing  55'27,^  and  of 

•  *  Geological  Transactions,'  vol.  iii.  part  i.  p.  37. 

•  The  foregfjing  analyses  are  taken  from  Beudant,  *  Traits  de  Miner- 
aloeie/ torn.  ii.  p.  113;  and  one  analysis  of  obsidian,  from  Phillips's 
*  Xineralogy.' 

•  Tliese  analyses  are  taken  from  Von  Kobell's  *  Grundziige  der  Miner- 
alogie,'  1838. 
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oxide  of  iron :  bo  that  the  foregoing  glassy  concre- 
tionary substance,  all  contain  a  larger  proportion  of 
silica  than  that  occurring  in  ordinary  feldspathic  or 
trachytic  rocks.  D'Aubuisson,*  also,  has  remarked  on 
the  large  proportion  of  silica  compared  with  alumina, 
in  six  analyses  of  obsidian  and  pearlstone  given  in 
Brongniart's  '  Mineralogy.'  Hence  I  conclude,  that  the 
foregoing  concretions  have  been  formed  by  a  process  of 
aggregation,  strictly  analogous  to  that  which  takes 
place  in  aqueous  deposits,  acting  chiefly  on  the  silica, 
but  likewise  on  some  of  the  other  elements  of  the  sur- 
rounding mass,  and  thus  producing  the  different  con- 
cretionary varieties.  From  the  well-known  effects  of 
rapid  cooling^  in  giving  glassiness  of  texture,  it  is 
probably  necessary  that  the  entire  mass,  in  cases  like 
that  of  Ascension,  should  have  cooled  at  a  certain  rate ; 
but  considering  the  repeated  and  complicated  alterna- 
tions of  nodules  and  thin  layers  of  a  glassy  texture 
with  other  layers  quite  stony  or  crystalline,  all  within 
the  space  of  a  few  feet  or  even  inches,  it  is  hardly 
possible  that  they  could  have  cooled  at  different  rates, 
and  thus  have  acquired  their  different  textures. 

The  natural  sphserulites  in  these  rocks  ^  very  closely 


»  *  Traits  de  G^ogn.'  torn.  ii.  p.  635. 

*  This  is  seen  in  the  manufacture  of  common  glass,  and  in  Gregory 
Watts's  experiments  on  molten  trap ;  also  on  the  natural  surfaces  of 
lava-streams,  and  on  the  side-walls  of  dikes. 

■  I  do  not  know  whether  it  is  generally  known,  that  bo<lies  having 
exactly  the  same  appearance  as  sphserulites,  sometimes  occur  in  agates. 
Mr.  Robert  Brown  showed  me  in  an  agate,  formed  within  a  cavity  in  a 
piece  of  silicified  wood,  some  little  specks,  which  were  only  just  visible 
to  the  naked  eye :  these  specks,  when  placed  by  him  under  a  lens  of 
high  power,  presented  a  beautiful  appearance :  they  were  perfectly 
circular,  and  consisted  of  the  finest  fibres  of  a  brown  colour,  radiating 
with  great  exactness  from  a  common  centre.  These  little  radiating 
stars  are  occasionally  intersected,  and  portions  are  quite  cut  off  by  the 
fine,  ribbon-like  zones  of  colour  in  the  agate.  In  the  obsidian  of 
Ascension,  the  halves  of  a  sphserulite  oflen  lie  in  different  zones  of 
colour,  but  they  are  not  cut  off  by  them,  as  in  the  agate, 
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resemble  those  produced  in  glass,  when  slowly  cooled. 
In  some  fine  specimens  of  partially  devitrified  glass, 
in  the  possession  of  Mr.  Stokes,  the  sphserulites  are 
united  into  straight  layers  with  even  sides,  parallel  to 
each  other,  and  to  one  of  the  outer  surfaces,  exactly  as 
in  the  obsidian.  These  layers  sometimes  interbranch 
and  form  loops ;  but  I  did  not  see  any  case  of  actual 
intersection.  They  form  the  passage  from  the  perfectly 
glassy  portions,  to  those  nearly  homogeneous  and  stony, 
with  only  an  obscure  concretionary  structure.  In  the 
same  specimen,  also,  sphserulites  differing  slightly  in 
colour  and  in  structure,  occur  embedded  close  together. 
Considering  these  facts,  it  is  some  confirmation  of  the 
view  above  given  of  the  concretionary  origin  of  the 
obsidian  and  natural  sphserulites,  to  find  that  M.  Dar- 
tigues,*  in  his  curious  paper  on  this  subject,  attributes 
the  production  of  sphserulites  in  glass,  to  the  different 
ingredients  obeying  their  own  laws  of  attraction  and 
becoming  aggregated.  He  is  led  to  believe  that  this 
takes  place,  from  the  difficulty  in  remelting  sphserulitic 
glass,  without  the  whole  be  first  thoroughly  pounded 
and  mixed  together ;  and  likewise  from  the  fact,  that 
the  change  takes  place  most  readily  in  glass  composed 
of  many  ingredients.  In  confirmation  of  M.  Dartigues' 
view,  I  may  remark,  that  M.  Fleurian  de  Bellevue  * 
found  that  the  sphserulitic  portions  of  devitrified  glass 
were  acted  on  both  by  nitric  acid  and  under  the  blow- 
pipe, in  a  diflFerent  manner  from  the  compact  paste  in 
which  they  were  embedded. 

Comparison  of  the  obsidian  beds  and  alternating 
strata  of  Ascension^  with  those  of  other  countries. — 
I  have  been  struck  with  much  siuT)rise,  how  closely  the 
excellent  description  of  the  obsidian  rocks  of  Hungary, 

»  •  Journal  de  Physique,'  torn.  59  (1804),  pp.  10.  12. 
«  Idem,  torn.  60  (1805),  p.  418. 
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given  by  Beudant/  and  that  by  Humboldt,  of  the  same 
formation  in  Mexico  and  Peru,^  and  likewise  the  descrip. 
tions  given  by  several  authors  ^  of  the  trachytic  regions 
in  the  Italian  islands,  agree  with  my  observations  at 
Ascension.  Many  passages  might  have  been  transferred 
without  alteration  from  the  works  of  the  above  authors, 
and  would  have  been  applicable  to  this  island.  They 
all  agree  in  the  laminated  and  stratified  character  of 
the  whole  series;  and  Humboldt  speaks  of  some  of  the 
beds  of  obsidian  being  ribboned  like  jasper.*  They  all 
agree  in  the  nodular  or  concretionary  character  of  the 
obsidian,  and  of  the  passage  of  thes3  nodules  into  layers. 
They  all  refer  to  the  repeated  alternations,  often  in  un- 
dulatory  planes,  of  glassy,  pearly,  stony,  and  crystalline 
layers:  the  crystalline  layers,  however,  seem  to  be  much 
more  perfectly  developed  at  Ascension,  than  in  the 
above-named  coimtries.  Humboldt  compares  some  of 
the  stotiy  beds,  when  viewed  from  a  distance,  to  strata 
of  a  schistose  sandstone.  Sphserulites  are  described  as 
occurring  abundantly  in  all  cas:s ;  and  they  everywhere 

*  •  Voyage  en  Hongrie/  torn.  i.  p.  330  ;  torn.  ii.  pp.  221  and  316 ;  Xjom. 
iii.  pp.  369,  371,  377,  381. 

«  *E8Stti  G^ognostique,'  pp.  176,  326,  328. 

■  P.  Scrope,  in  *  Geological  Transactions.'  vol.  ii.  (second  series)  p.  195. 
Consult,  also,  Dolimiou's  '  Voyage  aux  Isles  Lipari,'  and  D'Aubuisson, 
'Traits  de  G^ogn.'  torn.  ir.  p.  634. 

*  In  Mr.  Stokes'  fine  collection  of  obsidians  from  Mexico,  I  observe 
that  the  sphaerulites  are  generally  much  larger  than  those  of  Ascension  ; 
they  are  generally  white,  opaque,  and  are  united  into  distinct  layers : 
there  are  miiny  singular  varieties,  different  from  any  at  Ascension. 
The  obsidians  are  finely  zoned,  in  quite  straight  or  curved  lines,  with 
exceedingly  slight  differences  of  tint,  of  cellularity,  and  of  more  or  less 
perfect  degrees  of  glassiness.  Tracing  some  of  the  less  perfectly  glassy 
zones,  they  are  seen  to  become  studded  with  minute  white  sphserulites, 
which  become  more  and  more  numerous,  until  at  last  they  unite  and 
form  a  distinct  layer :  on  the  other  hand,  at  Ascension,  only  the  brown 
sphserulites  unite  and  form  layers ;  the  white  ones  always  being  irre- 
gularly disseminated.  8ome  specimens  at  the  Geological  Society, 
said  to  belong  to  an  obsidian  formation  from  Mexico,  have  an  earthy 
iracture.  and  are  divided  in  the  finest  parallel  laminae,  by  ppecks  of  a 
black  mineral,  like  the  augiiic  or  horubleudic  specks  in  the  rocks  at 
Ascension. 


CHAP.  in.  Obsidian  Fonnatimu  73 

seem  to  mark  the  passage,  from  the  perfectly  glassy  to 
the  stony  and  crystalline  beds.  Beudant's  account  *  of 
his  *perlite  lithoide  globulaire'  in  every,  even  the 
most  trifling  particular,  might  have  been  written  for 
the  little  brown  sphserulitic  globules  of  the  rocks  of 
Ascension. 

From  the  close  similarity  in  so  many  respects,  be- 
tween the  obsidian  formations  of  Hungary,  Mexico, 
Peru,  and  of  some  of  the  Italian  islands,  with  that  of 
Ascension,  I  can  hardly  doubt  that  in  all  these  cases, 
the  obsidian  and  the  sphaerulites  owe  their  origin  to  a 
concretionary  aggregation  of  the  silica,  and  of  some  of 
the  other  constituent  elements,  taking  place  whilst  the 
liquefied  mass  cooled  at  a  certain  required  rate.  It  is, 
however,  well  known,  that  in  several  places,  obsidian 
has  flowed  in  streams  like  lava ;  for  instance,  at  TenerifFe, 
at  the  Lipari  Islands,  and  at  Iceland.^  In  these  cases, 
the  superficial  parts  are  the  most  perfectly  glassy,  the 
obsidian  passing  at  the  depth  of  a  few  feet  into  an  opaque 
stone.  In  an  analysis  by  Vauquelin  of  a  specimen  of 
obsidian  from  Hecla,  which  probably  flowed  as  lava,  the 
proportion  of  silica  is  nearly  the  same  as  in  the  nodular 
or  concretionary  obsidian  from  Mexico.  It  would  be 
interesting  to  ascertain,  whether  the  opaque  interior 
portions  and  the  superficial  glassy  coating  contained 
the  same  proportional  constituent  parts :  we  know  from 
M.  Dufrenoy  *  that  the  exterior  and  interior  parts  of 
the  same  stream  of  lava  sometimes  differ  considerably 
in  their  composition.  Even  should  the  whole  body  of 
the  stream  of  obsidian  turn   out  to  be  similarly  com- 

*  BeadaDt's  *  Vojnge/  torn.  iii.  p.  373. 

*  For  Tenerifife,  see  Von  Buch, '  Descript.  des  Isles  Canaries/  pp.  184 
and  100;  for  the  Lipari  Islands,  see  Dolimieu's  *  Voyage,' p.  34;  for 
Icebind,  see  Mackenzie's  '  Travels,'  p.  369. 

*  '  M^moires  pour  senrir  a  uue  Doscript.  G^olog.  de  la  France,'  torn. 
IT.  p.  371. 
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posed  with  nodulax  obsidian,  it  would  only  be  necessary, 
in  accordance  with  the  foregoing  facts,  to  suppose  that 
lava  in  these  instances  had  been  erupted  with  its  ingre- 
dients mixed  in  the  same  proportion,  as  in  the  concre- 
tionary obsidian. 

Lamination  of  volcanic  rocks  of  the  trachytic  aeries. 

We  have  seen  that,  in  several  and  widely  distant 
countries,  the  strata  alternating  with  beds  of  obsidian, 
are  highly  laminated.  The  nodules,  also,  both  large 
and  small,  of  the  obsidian,  are  zoned  with  different 
shades  of  colour;  and  I  have  seen  a  specimen  from 
Mexico  in  Mr.  Stokes'  collection,  with  its  external 
surface  weathered*  into  ridges  and  furrows,  correspond- 
ing with  the  zones  of  different  degrees  of  glassiness : 
Humboldt,  ^  moreover,  found  on  the  Peak  of  Teneriffe, 
a  stream  of  obsidian  divided  by  very  thin,  alternating, 
layers  of  pumice.  Many  other  lavas  of  the  feldspathic 
series  are  laminated ;  thus,  masses  of  common  trachyte 
at  Ascension  are  divided  by  fine  earthy  lines,  along 
which  the  rock  splits,  separating  thin  layers  of  slightly 
different  shades  of  colour ;  the  greater  number,  also,  of 
the  embedded  crystals  of  glassy  feldspar  are  placed 
lengthways  in  the  same  direction.  Mr.  P.  Scrope  '  has 
described  a  remarkable  columnar  trachvte  in  the 
Panza  Islands,  which  seems  to  have  been  injected  into 
an  overlying  mass  of  trachytic  conglomerate :  it  is 
striped  with  zones,  often  of  extreme  tenuity,  of  dif- 
ferent textures   and   colours ;  the  harder  and   darker 

»  MacCulloch  states  (•  Classification  of  Rocks,*  p.  631),  that  the 
exposed  surfaces  of  the  pitchstone  dikes  in  Airan  are  furrowed,  '  with 
undulating  lines,  resembling  certain  varieties  of  marbled  paptr,  and 
which  e^ndently  result  from  some  corresponding  difference  of  laminar 
structure.' 

*  •  Personal  Narrative,*  vol.  i.  p.  222. 

'  'Geological  Transactions/  vol.  ii.  (second  series)  p.  195. 
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zones  appearing  to  contain  a  larger  proportion  of  silica. 
In  another  part  of  the  island,  there  are  layers  of  pearl- 
stone  and  pitchstone,  which  in  many  respects  resemble 
those  of  Ascension.  The  zones  in  the  columnar  trachyte 
are  generally  contorted;  they  extend  uninterruptedly 
for  a  great  length  in  a  vertical  direction,  and  apparently 
parallel  to  the  walls  of  the  dike-like  mass.  Von  Buch  * 
has  described  at  TenerifFe,  a  stream  of  lava  containing 
innumerable,  thin,  plate-like  crystals  of  feldspar,  which 
are  arranged  like  white  threads,  one  behind  the  other, 
and  which  mostly  follow  the  same  direction.  Dolimieu^ 
also  states,  that  the  gray  lavas  of  the  modem  cone  of 
Vulcano,  which  have  a  vitreous  texture,  are  streaked 
with  parallel  white  lines :  he  fiirther  describes  a  solid 
pumice-stone  which  possesses  a  fissile  structure,  like 
that  of  certain  micaceous  schists.  Phonolite,  which  I 
may  observe  is  often,  if  not  always,  an  injected  rock, 
also,  often  has  a  fissile  structure ;  this  is  generally  due 
to  the  parallel  position  of  the  embedded  crystals  of 
feldspar,  but  sometimes,  as  at  Fernando  Noronha,  seems 
to  be  nearly  independent  of  their  presence.'  From 
these  facts  we  see,  that  various  rocks  of  feldspathic 
series  have  either  a  laminated  or  fissile  structure,  and 
that  it  occurs  both  in  masses,  which  have  been  injected 
into  overlying  strata,  and  in  others  which  have  flowed 
as  streams  of  lava. 

The  laminae  of  the  beds,  alternating  with  the  obsi- 
dian at  Ascension,  dip  at  a  high  angle  under  the  moun- 

*  *  Description  dee  lies  Canaries,'  p.  184. 

*  *  Voyage  aux  Isles  de  Li  pari,'  pp.  35  and  85. 

*  In  this  case,  and  in  that  of  the  fissile  pumice-stone,  the  structure 
is  very  different  from  that  in  the  foregoing  cases,  where  the  laminse  con- 
sist of  alternate  layers  of  different  composition  or  texture.  In  some 
sedimentary  formations,  however,  which  apparently  are  homogeneous 
and  fissile,  as  in  glossy  clay-slate,  there  is  reason  to  believe,  according 
to  lyAubaisson,  that  the  laminae  are  really  due  to  excessively  thin 
alternating,  layers  of  mica. 
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tain,  at  the  base  of  which  they  are  situated  ;  and  they 
do  not  appear  as  if  they  had  been  inclined  by  violence. 
A  high  inclination  is  common  to  these  beds  in  Mexico, 
Peru,  and  in  some  of  the  Italian  islands  : '  on  the  other 
hand,  in  Himgary,  the  layers  are  horizontal;  the 
laminae,  also,  of  some  of  the  lava-streams  above  referred 
to,  as  far  as  I  can  understand  the  descriptions  given 
of  them,  appear  to  be  highly  inclined  or  vertical.  I 
doubt  whether  in  any  of  these  cases,  the  laminae  have 
been  tilted  into  their  present  position ;  and  in  some 
instances,  as  in  that  of  the  trachyte  described  by  Mr. 
Scrope,  it  is  almost  certain  chat  they  have  been  origin- 
ally formed  with  a  high  inclination.  In  many  of  these 
cases,  there  is  evidence  that  the  mass  of  liquefied  rock 
has  moved  in  the  dii*ection  of  the  laminae.  At  Ascen- 
sion, many  of  the  air-cells  have  a  drawn-out  appearance, 
and  are  crossed  by  coarse  semi-glassy  fibres,  in  the 
direction  of  the  laminae;  and  some  of  the  layers,  sepa- 
rating the  sphserulitic  globules,  have  a  scored  appear- 
ance, as  if  produced  by  the  grating  of  the  globules.  I 
have  seen  a  specimen  of  zoned  obsidian  from  Mexico, 
in  Mr.  Stokes'  collection,  with  the  surfaces  of  the  best- 
defined  layers  streaked  or  furrowed  with  parallel  lines ; 
and  these  lines  or  streaks  precisely  resembled  those, 
produced  on  the  surface  of  a  mass  of  artificial  glass  by 
its  having  been  poured  out  of  a  vessel.  Humboldt, 
also,  has  described  little  cavities,  which  he  corapai'es  to 
the  tails  of  comets,  behind  sphaerulites  in  laminated  obsi- 
dian rocks  from  Mexico,  and  Mr  Scrope  has  described 
other  cavities  behind  fragments  embedded  in  his  lami- 
nated trachyte,  and   which  he  supposes  to  have  been 


*  See  Phillips's  '  Mineralogy/  for  the  lUlian  Islands,  p.  136.  For, 
Mexico  and  Peru,  see  Humboldt's  •  Essai  G6ognostique.*  Mr.  Edwards, 
also,  describes  the  high  inclination  of  the  obsidian  rocks  of  the  Cerro 
del  Navaja  in  Mexico,  in  the  'Proc.  of  the  Geolog.  Soc.'  for  Juno,  1838. 
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produced  during  the  movement  of  the  mass.*  From 
such  fisusts,  most  authors  have  attributed  the  lamination 
of  these  volcanic  rocks  to  their  movement  whilst  lique- 
fied. Although  it  is  easy  to  perceive,  why  each  separate 
air-cell,  or  each  fibre  in  pumice-stone,'  should  be  drawn 
out  in  the  direction  of  the  moving  mass ;  it  is  by  no 
means  at  first  obvious  why  such  air-cells  and  fibres 
should  be  arranged  by  the  movement,  in  the  same 
planes,  in  laminae  absolutely  straight  and  parallel  to 
each  other,  and  often  of  extreme  tenuity ;  and  still  less 
obvious  is  it,  why  such  layers  should  come  to  be  of 
slightly  diflferent  composition  and  of  different  textures. 
In  endeavouring  to  make  out  the  cause  of  the 
lamination  of  the  igneous  feldspathic  rocks,  let  us 
return  to  the  facts  so  minutelv  described  at  Ascension. 
We  there  see,  that  some  of  the  thinnest  layers  are 
chiefly  formed  by  numerous,  exceedingly  minute,  though 
perfect,  crystals  of  different  minerals ;  that  other  layers 
Jure  formed  by  the  union  of  different  kinds  of  concre- 
tionary globules,  and  that  the  layers  thus  formed,  often 
cannot  be  distinguished  fiom  the  ordinary  feldspathic 
and  pitchstone  layers,  composing  a  large  portion  of  the 
entire  mass.  The  fibrous  radiating  structure  of  the 
sphaerulites  seems,  judging  from  many  analogous  cases, 
to  connect  the  concretionary  and  crystalline  forces :  the 
separate  crystals,  also,  of  feldspar  all  lie  in  the  same 

*  *  Geological  TrHnsactionfl/  vol.  ii.  (second  Beries)  p.  200,  &c.  These 
embedded  fragments,  in  some  instances,  consist  of  the  laminated 
trachyte  broken  oflf  and  *  enveloped  in  those  parts,  'which  still  re- 
mnined  liquid/  Beudant,  also,  frequently  refers,  in  his  great  work  on 
*  Hungary' (torn.  iii.  p.  386),  to  trachytic  rocks,  irregularly  spotted  with 
fragments  of  the  same  varieties,  Mrhich  in  other  parts  form  the  parallel 
ribbons.  In  these  cases,  we  must  suppose,  that  aJfter  part  of  the  molten 
mam  had  assumed  a  laminated  structure,  a  fresh  irruption  of  lava  broke 
up  the  ma«8,  and  involved  fragments,  and  that  subsequently  the  whole 
became  relaminated. 

*  Dolimicu  8  '  Voyage,'  p.  64. 
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parallel  planes.^  These  allied  forces,  therefore,  have 
played  an  important  part  in  the  lamination  of  the  mass, 
but  they  oannot  be  considered  the  primary  force ;  for 
the  several  kinds  of  nodules,  both  the  smallest  and  the 
largest,  are  internally  zoned  with  excessively  fine  shades 
of  colour,  parallel  to  the  lamination  of  the  whole ;  and 
many  of  them  are,  also,  externally  marked  in  the  same 
direction  with  parallel  ridges  and  furrows,  which  have 
not  been  produced  by  weathering. 

Some  of  the  finest  streaks  of  colour  in  the  stony 
layers,  alternating  with  the  obsidian,  can  be  distinctly 
seen  to  be  due  to  an  incipient  crystallisation  of  the 
constituent  minerals.  The  extent  to  which  the  minerals 
have  crystallised  can,  also,  be  distinctly  seen  to  be 
connected  with  the  greater  or  less  size^  and  with  the 
number,  of  the  minute,  flattened,  crenulated  air-cavities 
or  fissures.  Numerous  facts,  as  in  the  case  of  geodes, 
and  of  cavities  in  silicified  wood,  in  primary  rocks,  and 
in  veins,  show  that  crystallisation  is  much  favoured 
by  space.  Hence,  I  conclude,  that,  if  in  a  mass  of 
cooling  volcanic  rock,  any  cause  produced  in  parallel 
planes  a  number  of  minute  fissures  or  zones  of  less 
tension,  (which  from  the  pent-up  vapours  would  often 
be  expanded  into  crenulated  air-cavities),  the  crystal- 
lisation of  the  constituent  parts,  and  probably  the  for- 
mation of  concretions,  would  be  superinduced  or  much 
favoured  in  such  planes ;  and  thus,  a  laminated  struc- 
ture of  the  kind  we  are  here  considering  would  be 
generated. 

That  some  cause  does  produce  parallel  zones  of  less 

*  The  formation,  indeed,  of  a  large  crystal  of  any  mineral  in  a  rock 
of  mixed  composition  implies  an  aggregation  of  the  requisite  atoms, 
allied  to  concretionary  action.  The  cause  of  the  crystals  of  feldspar  in 
these  rocks  of  Ascension,  being  all  placed  lengthways,  is  probably  the 
same  with  that  which  elongjites  and  flattens  all  the  brown  sphtjerulitic 
globules  (which  behave  like  feldspar  under  the  blowpipe)  in  this  same 
direction. 
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tension  in  volcanic  rocks,  during  their  consolidation,  we 
most  admit  in  the  case  of  the  thin  alternate  layers  of 
obsidian  and  pumice  described  by  Humboldt,  and  of 
the  small,  flattened,  crenulated  air-cells  in  the  lami- 
nated rocks  of  Ascension  ;  for  on  no  other  principle  can 
we  conceive  why  the  confined  vapours  should  through 
their  expansion  form  air-cells  or  fibres  in  separate, 
parallel  planes,  instead  of  irregularly  throughout  the 
mass.  In  Mr.  Stokes'  collection,  I  have  seen  a 
beautiful  example  of  this  structure,  in  a  specimen  of 
obsidian  from  Mexico,  which  is  shaded  and  zoned,  like 
the  finest  agate,  with  numerous,  straight  parallel  layers, 
more  or  less  opaque  and  white,  or  almost  perfectly 
glassy ;  the  degree  of  opacity  and  glassiness  depending 
on  the  number  of  microscopically  minute,  flattened 
air-cells ;  in  this  case,  it  is  scarcely  possible  to  doubt 
but  that  the  mass,  to  which  the  fragment  belonged, 
must  have  been  subjected  to  some,  probably  prolonged, 
action,  causing  the  tension  slightly  to  vary  in  the  suc- 
cessive planes. 

Several  causes  appear  capable  of  producing  zones  of 
diflFerent  tension,  in  masses  semi-liquefied  by  heat.  In 
a  fragment  of  de vitrified  glass,  I  have  observed  layers 
of  sphaerulites  which  appeared,  from  the  manner  in 
which  they  were  abruptly  bent,  to  have  been  produced 
by  the  simple  contraction  of  the  mass  in  the  vessel,  in 
which  it  cooled.  In  certain  dikes  on  mount  Etna,  de- 
scribed by  M.  Elie  de  Beaumont,^  as  bordered  by  alter- 
nating bands  of  scoriaceous  and  compact  rock,  one  is 
led  to  suppose  that  the  stretching  movement  of  the 
surrounding  strata,  which  originally  produced  the 
fissures,  continued  whilst  the  injected  rock  remained 
fluid.      Guided,  however,  by  Professor  Forbes' ^  clear 


'  *M^m.  pour  servir.'  &c.,  torn.  iv.  p.  131. 
«  'Edinburgh  New  Phil.  Journal/  1842,  p. 
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description  of  the  zoned  stmcture  of  glacier-ice,  far  the 
most  probable  explanation  of  the  laminated  structure 
of  these  feldspathic  rocks  appears  to  be,  that  they  have 
been  stretched  whilst  slowly  flowing  onwards  in  a  pasty 
condition,'  in  precisely  the  same  manner  as  Professor 
Forbes  believes,  that  the  ice  of  moving  glaciers  is 
stretched  and  fissured.  In  both  cases,  the  zones  may 
be  compared  to  those  in  the  finest  agates ;  in  both, 
they  extend  in  the  direction  in  which  the  mass  has 
flowed,  and  those  exposed  on  the  surface  are  generally 
vertical :  in  the  ice,  the  porous  laminae  are  rendered 
distinct  by  the  subsequent  congelation  of  infiltrated 
water,  in  the  stony  feldspathic  lavas,  by  subsequent 
crystalline  and  concretionary  action.  The  fragment  of 
glassy  obsidian  in  Mr.  Stokes'  collection,  which  is  zoned 
with  minute  air-cells,  must  strikingly  resemble,  judging 
from  Professor  Forbes'  descriptions,  a  fragment  of  the 
zoned  ice  ;  and  if  the  rate  of  cooling  and  nature  of  the 
mass  had  been  favourable  to  its  crystallisation  or  to 
concretionary  action,  we  should  here  have  had  the  finest 
parallel  zones  of  different  composition  and  texture. 
lit  glaciers,  the  lines  of  porous  ice  and  of  minute 
erevides  seem  to  be  due  to  an  incipient  stretching, 
caused  by  the  central  parts  of  the  frozen  stream  moving 
faster  than  the  sides  and  bottom,  which  are  retarded  by 
friction  :  hence  in  glaciers  of  certain  forms  and  towards 
the  lower  end  of  most  glaciers,  the  zones  become  hori- 
zontal. May  we  venture  to  suppose  that  in  the  feld- 
spathic lavas  with  horizontal  laminae,  we  see  an  analo- 
gous case?  All  geologists,  who  have  examined  trachytic 
regions,  have  come  to  the  conclusion,  that  the  lavas  of 

'  I  presume  that  this  is  nearly  the  same  exphination  which  Mr. 
Scrope  had  in  his  mind,  when  he  speaks  (*  Geolog.  Transact.'  vol.  ii. 
second  series,  p.  228)  of  the  ribboned  structure  of  his  trachytic  rocks, 
having  arisen,  from  *  a  linear  extension  of  the  mass,  while  in  a  state  of 
imperfect  liquidity,  coupled  with  a  concretionary  process.' 
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this  series  have  possessed  an  exceedingly  imperfect 
fluidity;  and  as  it  is  evident  that  only  matter  thus 
characterised  would  be  subject  to  become  fissured  and 
to  be  formed  into  zones  of  different  tensions,  in  the 
manner  here  supposed,  we  probably  see  the  reason  why 
augitic  lavas,  which  appear  generally  to  have  possessed 
a  high  degree  of  fluidity,  are  not,*  like  the  feldspathic 
lavas,  divided  into  laminaB  of  different  composition  and 
texture.  Moreover,  in  the  augitic  series,  there  never 
appears  to  be  any  tendency  to  concretionary  action, 
which  we  have  seen  plays  an  important  part  in  the 
lamination  of  rocks  of  the  trachytic  series,  or  at  least  in 
rendering  that  structure  apparent. 

Whatever  may  be  thought  of  the  explanation  here 
advanced  of  the  laminated  structure  of  the  rocks  of  the 
trachytic  series,  I  venture  to  call  the  attention  of  geolo- 
gists to  the  simple  fact,  that  in  a  body  of  rock  at 
Ascension,  undoubtedly  of  volcanic  origin,  layers  often 
of  extreme  tenuity,  quite  straight,  and  parallel  to  each 
other,  have  been  produced  ; — some  composed  of  distinct 
crystals  of  quartz  and  diopside,  mingled  with  amorphous 
augitic  specks  and  granular  feldspar, — others  entirely 
composed  of  these  black  augitic  specks,  with  granules 
of  oxide  of  iron, — and  lastly,  others  formed  of  crystal- 
line feldgpar,  in  a  more  or  less  perfect  state  of  purity, 
together  with  numerous  crystals  of  feldspar,  placed 
lengthways.  At  this  island,  there  is  reason  to  believe, 
and  in  some  analogous  cases,  it  is  certainly  known,  that 
the  laminse  have  originally  been  formed  with  their  pre- 

*  Basaltic  lavas,  and  many  other  rocks,  are  not  unfrequently  divided 
into  thick  laminse  or  plates,  of  the  same  composition,  which  are  either 
stnight  or  curved;  these  being  crossed  by  vertical  lines  of  fissure, 
sometimes  become  united  into  columns.  This  structure  seems  related, 
in  its  origin,  to  that  bj  which  many  rocks,  both  igneous  and  sedimentary, 
become  traversed  by  parallel  systems  of  fissures. 

a 
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sent  high  inclination.  Facts  of  this  nature  are  mani- 
festly of  importance,  with  relation  to  the  structural 
origin  of  that  grand  series  of  plutonic  rocks,  which  like 
the  volcanic  have  undergone  the  action  of  heat,  and 
which  consists  of  alternate  layers  of  quartz,  feldspar, 
mica,  and  other  materials. 
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CHAPTER   IV. 

ST.    HELENA. 

Latas  of  the  feldspaihic^  basaltic,  and  sttbmarine  series — Section  Flag- 
staff HiU  and  of  the  Bam — Dikes — TarKs  Cap  and  Prosperous  Bays — 
Basaltic  ring — Central  crateriform  ridge^  with  an  internal  ledge  and  a 
parapet — Cones  ofphonolUe — Superficial  beds  of  calcareous  sandstone 
— Extinct  land -shells  -  Beds  of  detritus — Elevation  of  the  land — 
Denudation — Craters  of  elevation . 

The  whole  island  is  of  volcanic  origin ;  its  circumference, 
according  to  Beatson,*  is  about  twenty-eight  miles. 
The  central  and  largest  part  consists  of  rocks  of  a  feld- 
spathic  nature,  generally  decomposed  to  an  extraordi- 
nary degree ;  and  when  in  this  state,  presenting  a  singu- 
lar assemblage  of  alternating,  red,  purple,  broiyn,  yellow, 
and  white,  soft,  argillaceous  beds.  From  the  shortness 
of  our  visit,  I  did  not  examine  these  beds  with  care  ; 
some  of  them,  especially  those  of  the  white,  yellow, 
and  brown  shades,  originally  existed  as  streams  of  lava, 
but  the  greater  number  were  probably  ejected  in  the 
form  of  scoriae  and  ashes :  other  beds  of  a  purple  tint, 
porphyritic  with  crystal-shaped  patches  of  a  white,  soft 
substance,  which  are  now  unctuous,  and  yield,  like 
wax,  a  polished  streak  to  the  nail,  seem  onoe  to  have 
existed  as  solid  claystone-porphyries :  the  red  argil- 
laceous beds  generally  have  a  brecciated  structure,  and 
no  doubt  have  been  formed  by  the  decomposition  of 

*  Governor  Beatson's  '  Account  of  St.  Helena.' 
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scoriae.  Several  extensive  streams,  however,  belonging 
to  this  series,  retain  their  stony  character ;  these  are 
either  of  a  blackish-green  colour,  with  minute  acicular 
crystals  of  feldspar,  or  of  a  very  pale  tint,  and  almost 
composed  of  minute,  often  scaly,  crystals  of  feldspar, 
abounding  with  microscopical  black  specks;  they  are 
generally  compact  and  laminated ;  others,  however,  of 
similar  composition,  are  cellular  and  somewhat  decom- 
posed. None  of  these  rocks  contain  large  crystals  of 
feldspar,  or  have  the  harsh  fracture  peculiar  to  trachyte. 
These  feldspathic  lavas  and  tuffs  are  the  uppermost  or 
those  last  erupted ;  innumerable  dikes,  however,  and 
great  masses  of  molten  rock,  have  subsequently  been 
injected  into  them.  They  converge,  as  they  rise, 
towards  the  central  curved  ridge,  of  which  one  point 
attains  the  elevation  of  2,700  feet.  This  ridge  is  the 
highest  land  in  the  island  ;  and  it  once  formed  the 
northern  rim  of  a  great  crater,  whence  the  lavas  of  this 
series  flowed:  from  its  ruined  condition,  from  the 
southern  half  having  been  removed,  and  from  tlie 
violent  dislocation  which  the  whole  island  has  under- 
gone, its  structure  is  rendered  very  obscure. 

Basaltic  series. — The  margin  of  this  island  is 
formed  by  a  rude  circle  of  great,  black,  stratified,  ram- 
parts of  basalt,  dipping  seaward,  and  worn  into  cliffs, 
which  are  often  nearly  perpendicular,  and  vary  in 
height  from  a  few  hundred  feet  to  two  thousand. 
This  circle,  or  rather  horse-shoe  shaped  ring,  is  open  to 
the  south,  and  is  breached  by  several  other  wide  spaces. 
Its  rim  or  summit  generally  projects  little  above  the 
level  of  the  adjoining  inland  country ;  and  the  more 
recent  feldspathic  lavas,  sloping  down  from  the  central 
heights,  generally  abut  against  and  overlap  its  inner 
margin ;  on  the  north-western  side  of  the  island,  how- 
ever, they  appear  (judging  from  a  distance)  to  have 
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flowed  over  and  concealed  portions  of  it.  In  some 
parts,  where  the  basaltic  ring  had  been  breached,  and 
the  black  ramparts  stand  detached,  the  feldspathic 
lavas  have  passed  between  them,  and  now  overhang 
the  sea-coast  in  lofty  cliffs.  The  basaltic  rocks  are  of  a 
black  colour  and  thinly  stratified ;  they  are  generally 
highly  vesicular,  but  occasionally  compact ;  some  of 
them  contain  numerous  crystals  of  glassy  feldspar  and 
octahedrons  of  titaniferous  iron ;  others  abound  with 
crystals  of  augite  and  grains  of  oliNdne.  The  vesicles 
are  frequently  lined  with  minute  crystals  (of  chabasie  ?) 
and  even  become  amygdaloidal  with  them.  The 
streams  are  separated  from  each  other  by  cindery 
matter,  or  by  a  bright  red,  friable,  saliferous  tuff,  which 
is  marked  by  successive  lines  like  those  of  aqueous 
deposition ;  and  sometimes  it  has  an  obscure,  concre- 
tionary structure.  The  rocks  of  this  basaltic  series 
occur  nowhere  except  near  the  coast.  In  most  volcanic 
districts  the  trachytic  lavas  are  of  anterior  origin  to  the 
basaltic ;  but  here  we  see,  that  a  great  pile  of  rock, 
closely  related  in  composition  to  the  trachytic  family, 
has  been  erupted  subsequently  to  the  basaltic  strata : 
the  number,  however,  of  dikes,  abouncjing  with  large 
crystals  of  augite,  with  which  the  feldspathic  lavas  have 
>)een  injected,  shows  perhaps,  some  tendency  to  a  re- 
turn to  the  more  usual  order  of  superposition. 

Basal  submarine  lavas, — The  lavas  of  this  basal 
series  lie  immediately  beneath  both  the  basaltic  and 
feldspathic  rocks.  According  to  Mr.  Scale,*  they  may 
be  seen  at  intervals  on  the  sea-beach  round  the  entire 
island.  In  the  sections  which  I  examined,  their  nature 
varied  much ;  some  of  the  strata  abound  with  crystals  of 

• 

'  '  Geognosy  of  the  Island  of  St.  Helena.'  Mr.  Seale  has  con- 
structed a  gigantic  modpl  of  St.  Helena,  well  worth  visiting,  which  is 
now  deposited  at  Addiscombe  College,  in  Surrey. 
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augite ;  others  iEure  of  a  .brown  colour,  either  lami- 
nated or  in  a  rubbly  condition ;  and  many  parts  are 
highly  amygdaloidal  with  calcareous  matter.  The 
successive  sheets  are  either  closely  united  together,  or 
are  separated  from  each  other  by  beds  of  scoriaceous 
rock  and  of  laminated  tuff,  frequently  containing  well- 
rounded  fragments.  The  interstices  of  these  beds  are 
filled  with  gypsum  and  salt ;  the  gypsum  also  sometimes 
occurring  in  thin  layers.  From  the  large  quantity  of 
these  two  substances,  &om  the  presence  of  rounded 
pebbles  in  the  tuffs,  and  from  the  abundant  amygdaloids, 
I  cannot  doubt  that  these  basal  volcanic  strata  flowed  be- 
neath the  sea.  This  remark  ought  perhaps  to  be  extended 
to  a  part  of  the  superincumbent  basaltic  rocks  ;  but  on 
this  point,  I  was  not  able  to  obtain  clear  evidence.  The 
strata  of  the  basal  series,  whenever  I  examined  them, 
were  intersected  by  an  extraordinary  number  of  dikes. 

Flagstaff  Hill  and  the  Bam. — I  will  now  describe 
some  of  the  more  remarkable  sections,  and  will  com- 
mence with  these  two  hills,  which  form  the  principal 
external  feature  on  the  north-eastern  side  of  the  island. 
The  square,  angular  outline,  and  black  colour  of  the 
Bam,   at  once  show  that  it  belongs  to  the  basaltic 

No.  8. 


Flagstaff  Hill. 
2,272  feet  high. 


The  Bam. 
3,01fi  feet  high. 


The  double  lines  represent  the  bsaalticstnita ;  the  single,  the  basal  snbmarine  strata ; 
the  dotted,  the  upper  feldspathic  steata ;  the  dikes  are  shaded  transversely. 

series;  whilst  the  smooth,  conical  figure,  and  the 
varied  bright  tints  of  Flagstaff  Hill,  render  it  equally 
clear,  that  it  is  composed  of  the  softened,  feldspathic 
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Focks.  These  two  lofty  hills  are  connected  (as  is  shown 
in  the  accompanying  woodcut)  by  a  sharp  ridge, 
which  is  composed  of  the  rubbly  lavas  of  the  basal 
series.  The  strata  of  this  ridge  dip  westward,  the  in- 
clination becoming  less  and  less  towards  the  Flagstaff; 
and  the  upper  feldspathic  strata  of  this  hill  can  be  seen, 
though  with  some  diflSculty,  to  dip  conformably  to  the 
WSW.  Close  to  the  Bam,  the  strata  of  the  ridge  are 
nearly  vertical,  but  are  much  obscured  by  innumerable 
dikes ;  under  this  hill,  they  probably  change  from  being 
vertical  into  being  inclined  into  an  opposite  direction ; 
for  the  upper  or  basaltic  strata,  which  are  about  800 
or  1,000  feet  in  thickness,  are  inclined  north-eastward, 
at  an  angle  between  thirty  and  forty  degrees. 

This  ridge,  and  likewise  the  Barn  and  Flagstaff  Hills, 
are  interlaced  by  dikes,  many  of  wliich  preserve  a  re- 
markable parallelism  in  a  NNW.  and  SSE.  direction. 
The  dikes  chiefly  consist  of  a  rock,  porphyritic  with 
large  crystals  of  augite ;  others  are  formed  of  a  fine- 
grained and  brown-coloured  trap.  Most  of  these  dikes 
are  coated  by  a  glossy  layer,^  from  one  to  two-tenths  of 
an  inch  in  thickness,  which,  unlike  true  pitchstone, 
fuses  into  a  black  enamel ;  this  layer  is  evidently  ana- 
logous to  the  glossy  superficial  coating  of  many  lava 
streams.  The  dikes  can  often  be  followed  for  great 
lengths  both  horizontally  and  vertically,  and  they  seem 
to   preserve  a  nearly  uniform  thickness  :^    Mr.  Scale 


'  ThiscircTimstAnce  has  been  observed  (Lyell,  *  Principles  of  Geology,' 
vol.  iv.  chap.  x.  p.  9)  in  the  dikes  of  the  Atrio  del  Cavallo,  but  appa- 
rently it  is  not  of  very  common  occurrence.  Sir  G.  Mackenzie,  however, 
states  (' Travels  in  Iceland'  p.  372,)  that  all  the  veins  in  Iceland  have  a 

*  black  vitreous  coating  on  their  sides.'  Capt.  Carmichael,  speaking 
of  the  dikes  in  Tristan  D'Acunha,  a  volcanic  island  in  the  southern 
Atlantic,  says  ('Linnsean  Transactions,'  vol.  xii.  p.  485)  that  their  sides, 

•  where  they  come  in  contact  with  the  rocks,  are  invariably  in  a  semi- 
vitrified  state.' 

'  *  Geognosy  of  the  Island  of  St.  Helena,'  plate  5. 
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states,  that  one  near  the' Bam,  in  a  height  of  1,260  feet, 
decreases  in  width  only  four  inches, — from  nine  feet  at 
the  bottom,  to  eight  feet  and  eight  inches,  at  the  top. 
On  the  ridge,  the  dikes  appear  to  have  been  guided  in 
their  course,  to  a  considerable  degree,  by  the  alterna- 
ting soft  and  hard  strata :  they  are  often  firmly  united 
to  the  harder  strata,  and  they  preserve  their  paral- 
lelism for  such  great  lengths,  that  in  very  many  in- 
stances it  was  impossible  to  conjecture,  which  of  the 
beds  were  dikes,  and  which  streams  of  lava.  The  dikes, 
though  so  numerous  on  this  ridge,  are  even  more 
numerous  in  the  valleys  a  little  south  of  it,  and  to  a 
degree  I  never  saw  equalled  anywhere  else :  in  these 
valleys  they  extend  in  less  regular  lines,  covering  the 
ground  with  a*  network,  like  a  spider's  web,  and  with 
some  parts  of  the  surface  even  appearing  to  consist 
wholly  of  dikes,  interlaced  by  other  dikes. 

P>om  the  complexity  produced  by  the  dikes,  from 
the  high  inclination  and  anticlinal  dip  of  the  strata  of 
the  basal  series,  which  are  overlaid,  at  the  opposite 
ends  of  the  short  ridge,  by  two  great  masses  of  different 
ages  and  of  different  composition,  I  am  not  surprised 
that  this  singular  section  has  been  misunderstood.  It 
has  even  been  supposed  to  form  part  of  a  crater  ;  but 
so  far  is  this  fromiiaving  been  the  case,  that  the  summit 
of  Flagstaff  Hill  once  formed  the  lower  extremity  of  a 
sheet  of  lava  and  ashes,  which  were  erupted  from  the 
central,  crateriform  ridge.  Judging  from-  the  slope  of 
the  contemporaneous  streams  in  an  adjoining  and  un- 
disturbed part  of  the  island,  the  strata  of  the  Flagstaff 
Hill  must  have  been  upturned  at  least  twelve  hundred 
feet,  and  probably  much  more,  for  the  great  truncated 
dikes  on  its  summit  show  that  it  has  been  largely 
denuded.  The  summit  of  this  hill  now  nearly  equals 
in  height  the  crateriform   ridge;  and   before  having 
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been  denuded,  it  was  probably  higher  than  this  ridge, 
from  which  it  is  separated  by  a  broad  and  much  lower 
tract  of  country ;  we  here,  therefore,  see  that  the  lower 
extremity  of  a  set  of  lava-streams  have  been  tilted  up 
to  as  great  a  height  as,  or  perhaps  greater  height  than, 
the  crater,  down  the  flanks  of  which  they  originally 
flowed.  I  believe  that  dislocations  on  so  grand  a  scale 
are  extremely  rare  *  in  volcanic  districts.  The  forma- 
tion of  such  numbers  of  dikes  in  this  part  of  the  island 
shows  that  the  surface  must  here  have  been  stretched  to  a 
quite  extraordinary  degree :  this  stretching,  on  the  ridge 
between  Flagstaff  and  Bam  Hills,  probably  took  place 
subsequently  (though  perhaps  immediately  so)  to  the 
strata  being  tilted;  for  had  the  strata  at  that  time 
extended  horizontally,  they  would  in  all  probability 
have  been  fissured  and  injected  transversely,  instead  of 
in  the  planes  of  their  stratification.  Although  the 
space  between  the  Barn  and  Flagstaff  Hill  presents  a 
distinct  anticlinal  line  extending  north  and  south,  and 
though  most  of  the  dikes  range  with  much  regularity 
in  the  same  line,  nevertheless,  at  only  a  mile  due  south 
of  the  ridge  the  strata  lie  undisturbed.  Hence  the 
disturbing  force  seems  to  have  acted  under  a  point, 
rather  than  along  a  line.  The  manner  in  which  it  has 
acted,  is  probably  explained  by  the  structure  of  Little 
Stony-top,  a  mountain  2,000  feet  high,  situated  a  few 
miles  southward  of  the  Barn  ;  we  there  see,  even  from 
a  distance,  a  dark-coloured,  sharp,  wedge  of  compact 
columnar  rock,  with  the  bright-coloured  feldspathic 
strata,  sloping  away  on  each  side  from  its  uncovered 
apex.  This  wedge,  from  which  it  derives  its  name  of 
Stony-top,  consists  of  a  body  of  rock,  which  has  been 

*  M.  Constant  Prevost  ('  Mem.  de  la  Soc.  G^olog.'  torn,  ii)  obsen-es, 
that  '  lea  produits  volcaniques  n'ont  quo  localement  et  rarement  m^me 
derang^  le  sol,  k  trarers  lequel  ils  se  sent  fait  jour.' 
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injected  whilst  liquefied  into  the  overlying  strata ;  and 
if  we  may  suppose  that  a  similar  body  of  rock  lies  in- 
jected, beneatii  the  ridge  connecting  the  Bam  and  Flag- 
staff, the  structure  there  exhibited  would  be  explained. 
TurKs  Cap  and  Prosperous  Bays.  —  Prospeirous 
Hill  is  a  great,  black,  precipitous  mountain,  situated 
two  miles  and  a  half  south  of  the  Bam,  and  composed, 
like  it,  of  basaltic  strata.  These  rest,  in  one  part,  on 
the  brown-coloured,  porphyritic  beds  of  the  basal  series, 
and  in  another  part,  on  a  fissured  mass  of  highly  scori- 
aceous  and  amygdaloidal  rock,  which  seems  to  have 
formed  a  small  point  of  eruption  beneath  the  sea,  con- 
teniportgieously  with  the  basal  series.  Prosperous  Hill, 
like  the  Bam,  is  traversed  by  many  dikes,  of  which  the 
greater  number  range  north  and  south,  and  its  strata 
dip,  at  an  angle  of  about  20°,  rather  obliquely  from  the 
island  towards  the  sea.  The  space  between  Prosperous 
Hill  and  the  Bam,  as  represented  in  this  woodcut,  con- 
sists of  lofty  cliffs,  composed  of  the  lavas  of  the  upper 
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The  donble  lines  represent  the  basaltic  strata ;  the  single,  the  basal  submarine  strata ; 

tbe  dotted,  the  upper  feldepathic  strata. 

or  feldspathic  series,  which  rest,  though  unconform- 
ably,  on  the  basal  submarine  strata,  as  we  have  seen 
that  they  do  at  Flagstaff  Hill.  But  differently  from 
what  occurs  in  that  hill,  these  upper  strata  are  nearly 
horizontal,  gently  rising  towards  the  interior  of  the 
island;  they  are  also  composed  of  greenish-black,  or 
more  commonly,  pale  brown,  compact  lavas,  instead  of 
softened  and  highly  coloured  matter.  These  brown- 
coloured,  compact  lavas,  consist  almost  entirely  of  small 


OHAP.  IV.     Turks  Cap  and  Prosperous  Bays,     9 1 

glimmering  scales,  or  of  minute  acicular  crystals,  of 
feldspar,  placed  close  by  the  side  of  each  other,  and 
aboimding  with  minute  black  specks,  apparently  of 
hornblende.  The  basaltic  strata  of  Prosperous  Hill 
project  only  a  little  above  the  level  of  the  gently-sloping, 
feldspathic  streams,  which  wind  round  and  abut  against 
their  upturned  edges.  The  inclination  of  the  basaltic 
strata  seems  to  be  too  great,  to  have  been  caused  by 
their  having  flowed  down  a  slope,  and  they  must  have 
been  tilted  into  their  present  position  before  the  erup- 
tion of  the  feldspathic  streams. 

BcMcdtic  ring. — Proceeding  round  the  island,  the 
lavas  of  the  upper  series,  southward  of  Prosperous  Hill, 
overhang  the  sea  in  lofty  precipices.  Fiuiiher  on,  the 
headland,  called  Great  Stony-top,  is  composed,  as  I 
believe,  of  basalt ;  as  is  Long  Kange  Point,  on  the 
inland  side  of  which,  the  coloured  beds  abut.  On  the 
southern  side  of  the  island,  we  see  the  basaltic  strata  of 
the  South  Bam,  dipping  obliquely  seaward  at  a  con- 
siderable angle;  this  headland,  also,  stands  a  little 
above  the  level  of  the  more  modem,  feldspathic  lavas. 
Fui-ther  on,  a  large  space  of  coast,  on  each  side  of  Sandy 
Bay,  has  been  much  denuded,  and  there  seems  to  be 
left  only  the  basal  wreck  of  the  great,  central  crater. 
The  basaltic  strata  reappear,  with  their  seaward  dip,  at 
the  foot  of  the  hill  called  Man-and-Horse  ;  and  thence 
they  are  continued  along  the  whole  north-western  coast 
to  Sugar-Loaf  Hill,  situated  near  to  the  FlagstafiF;  and 
they  everywhere  have  the  same  seaward  inclination, 
and  rest,  in  some  parts  at  least,  on  the  lavas  of  the  basal 
series.  We  thus  see  that  the  circumference  of  the 
island  is  formed  by  a  much-broken  ring,  or  rather  a 
horse-shoe,  of  basalt,  open  to  the  south,  and  interrupted 
on  the  eastern  side  by  many  wide  breaches.  The 
breadth  of  this  marginal  fringe  on  the  north-western 
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side,  where  alone  it  is  at  aU  perfect,  appears  to  vary 
from  a  mile  to  a  mile  and  a  half.  The  basaltic  strata, 
as  well  as  those  of  the  subjacent  basal  series,  dip,  with 
a  moderate  inclination,  where  they  have  not  been  sub- 
sequently disturbed,  towards  the  sea.  The  more  broken 
state  of  the  basaltic  ring  round  the  eastern  half,  com- 
pared with  the  western  half  of  the  island,  is  evidently 
due  to  the  much  greater  denuding  power  of  the  waves 
on  the  eastern  or  windward  side,  as  is  shown  by  the 
greater  height  of  the  cliffs  on  that  side,  than  to  leeward. 
Whether  the  margin  of  basalt  was  breached,  before  or 
after  the  eruption  of  the  lavas  of  the  upper  series,  is 
doubtful ;  but  as  separate  portions  of  the  basaltic  ring 
appear  to  have  been  tilted  before  that  event,  and  from 
other  reasons,  it  is  more  probable,  that  some  at  least  of 
the  breaches  were  first  formed.  Reconstructing  in 
imagination,  as  far  as  is  possible,  the  ring  of  basalt,  the 
internal  space  or  hollow,  which  has  since  been  filled  up 
with  the  matter  erupted  from  the  great  central  crater, 
appears  to  have  been  of  an  oval  figure,  eight  or  nine 
miles  in  length  by  about  four  miles  in  breadth,  and 
with  its  axis  directed  in  a  NE.  and  SW.  line,  coincident 
with  the  present  longest  axis  of  the  island. 

The  central  curved  ridge. — This  ridge  consists,  as 
before  remarked,  of  gray  feldspathic  lavas,  and  of  red, 
brecciated,  argillaceous  tuffs,  like  the  beds  of  the  upper 
coloured  series.  The  gray  lavas  contain  numerous, 
minute,  black,  easily  fusible  specks  ;  and  but  very  few 
large  crystals  of  feldspar.  They  are  generally  mucli 
softened  ;  with  the  exception  of  this  character,  and  of 
being  in  many  parts  highly  cellular,  tbey  are  quite 
similar  to  those  great  sheets  of  lava  which  overhang 
the  coast  at  Prosperous  Bay.  Considerable  intervals 
of  time  appear  to  have  elapsed,  judging  from  the 
marks   of  denudation,  between  the   formation  of  the 
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successive  beds,  of  which  this  ridge  is  composed.  On 
the  steep  northern  slope,  I  observed  in  several  sections 
a  much  worn  undulating  surface  of  red  tuflF,  covered 
by  gray,  decomposed,  feldspathic  lavas,  with  only  a 
thin  earthy  layer  interposed  between  them.  In  an 
adjoining  part,  I  noticed  a  trap-dike,  four  feet  wide, 
cut  oflF  and  covered  up  by  the  feldspathic  lava,  as  is 
represented  in  the  woodcut.     The  ridge  ends  on  the 
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1 — Gray  feldspathic  lava. 

2— A  layer,  one  Inch  in  thicknessi,  of  a  reddish  earthy  matter. 

3 — Brecciated,  red,  argillaceous  tuff. 

eastern  side  in  a  hook,  which  is  not  represented  clearly 
enough  in  any  map  which  I  have  seen ;  towards  the 
western  end,  it  gradually  slopes  down  and  divides  into 
several  subordinate  ridges.     The  best  defined  portion 
between  Diana's  Peak  and  Nest  Lodge,  which  supports 
the  highest  pinnacles  in  the  island  varying  from  2,000 
to  2,700  feet,  is  rather  less  than  three  miles  long  in  a 
straight   line.     Throughout  this   space  the  ridge  has 
a  uniform    appearance  and    structure ;  its    curvature 
resembles  that  of  the  coast-line  of  a  great  bay,  being 
made  up  of  many  smaller  curves,  all  open  to  the  south. 
The  northern  and  outer  side  is  supported  by  narrow 
ridges  or  buttresses,  which  slope  down  to  the  adjoining 
country.   The  inside  is  much  steeper,  and  is  almost  pre- 
cipitous ;  it  is  formed  of  the  basset  edges  of  the  strata, 
which  gently  decline  outwards.     Along  some  parts  of 
the  inner  side,  a  little  way  beneath  the  summit,  a  flat 
ledge  extends,  which  imitates  in  outline  the  smaller 
curvatures  of  the  crest.     Ledges  of  this  kind  occiu: 


94  '^^*  Helena,  pabt  i. 

not  unfrequently  within  volcanic  craters,  and  their 
formation  seems  to  be  due  to  the  sinking  down  of  a 
level  sheet  of  hardened  lava,  the  edges  of  which  re- 
main (like  the  ice  round  a  pool,  from  which  the  water 
has  been  drained)  adhering  to  the  sides. ^ 

In  some  parts,  the  ridge  is  surmounted  by  a  wall 
or  parapet,  perpendicular  on  both  sides.  Near  Diana's 
Peak  this  wall  is  extremely  narrow.  At  the  Galapagos 
Archipelago  I  observed  parapets,  having  a  quite  similar 
structiu-e  and  appearance,  surmounting  several  of  the 
craters;  one,  which  I  more  particularly  exainined, 
was  composed  of  glossy,  red  scorisB  firmly  connected 
together ;  being  externally  perpendicular,  and  extend- 
ing round  nearly  the  whole  circumference  of  the  crater, 
it  rendered  it  almost  inaccessible.  The  Peak  of  Tene- 
riflfe  and  Cotopaxi,  according  to  Humboldt,  are  similarly 
constructed ;  he  states  *  that  '  at  their  summits  a  cir- 
cular wall  surrounds  the  crater,  which  wall,  at  a 
distance,  has  the  appearance  of  a  small  cylinder  placed 
on  a  truncated  cone.  On  Cotopaxi^  this  peculiar 
structure  is  visible  to  the  naked  eye  at  more  than 
2,000  toises'  distance ;  and  no  person  has  ever  reached 
its  crater.  On  the  Peak  of  TenerifiFe,  the  parapet  is  so 
high,  that  it  would  be  impossible  to  reach  the  caldera, 
if  on  the  eastern  side  there  did  not  exist  a  breach.' 
The  origin  of  these  circular  parapets  is  probably  due 
to  the  heat  or  vapours  from  the  crater,  penetrating 
and  hardening  the  sides  to  a  nearly  equal  depth,  and 
afterwards  to  the  mountain  being  slowly  acted  on  by 
the  weather,  which  would  leave   the  hardened   part, 

'  A  most  remarkable  instance  of  this  structure  is  described  in  Ellis's 
'  Polynesian  Researches  '  (second  edit.),  where  an  admirable  draviing  is 
given  of  the  successive  ledges  or  terraces,  on  the  borders  of  the  immense 
crater  at  Hawaii,  in  the  Sandwich  Islands. 

*  'Personal  Namitive,'  vol.  i.  p.  171. 

•  Humboldt's  '  Picturesque  Atlas,'  folio,  pi.  10. 
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projecting    in    the   form   of   a   cylinder    or    circular 
parapet. 

From  the  points  of  structure  in  the  central  ridge, 
now  enumerated, — namely,  from  the  convergence  to- 
wards it  of  the  beds  of  the  upper  series, — from  the 
lavas  there  becoming  highly  cellular, — from  the  flat 
ledge,  extending  along  its  inner  and  precipitous  side, 
like  that  within  some  still  active  craters, — from  the 
parapet-like  wall  on  its  summit, — and  lastly,  from  it« 
peculiar  curvature,  unlike  that  of  any  common  line 
of  elevation,  I  cannot  doubt  that  this  curved  ridge 
forms  the  last  remnant  of  a  great  crater.  In  endeavour- 
ing, however,  to  trace  its  former  outline,  one  is  soon 
baffled ;  its  western  extremity  gradually  slopes  down, 
and,  branching  into  other  ridges,  extends  to  the  sea- 
coast  ;  the  easterti  end  is  more  curved,  but  it  is  only 
a  little  better  defined.  Some  appearances  lead  me  to 
suppose  that  the  southern  wall  of  the  crater  joined  the 
present  ridge  near  Nest  Lodge ;  in  this  case  the  crater 
must  have  been  nearly  three  miles  long,  and  about  a 
mile  and  a  half  in  breadth.  Had  the  denudation  of 
the  ridge  and  the  decomposition  of  its  constituent 
rocks  proceeded  a  few  steps  farther,  and  had  this  ridge, 
like  several  other  parts  of  the  island,  been  broken  up 
by  great  dikes  and  masses  of  injected  matter,  we  should 
in  vain  have  endeavoured  to  discover  its  true  nature. 
Even  now  we  have  seen  that  at  Flagstaff  Hill  the 
lower  extremity  and  most  distant  portion  of  one  sheet 
of  the  erupted  matter  has  been  upheaved  to  as  great  a 
height  as  the  crater  down  which  it  flowed,  and  pro- 
bably even  to  a  greater  height.  It  is  interesting  thus 
to  trace  the  steps  by  which  the  structure  of  a  volcanic 
district  becomes  obscured,  and  finally  obliterated :  so 
near  to  this  last  stage  is  St.  Helena,  that  I  believe  no 
one  has  hitherto  suspected  that  the  central  ridge  or 
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axis  of  the  island,  is  the  last  wreck  of  the  crater, 
whence  the  most  modem  volcanic  streams  were  poured 
forth. 

The  great  hollow  space  or  valley  southward  of  the 
central  curved  ridge,  across  which  the  half  of  the  crater 
must  once  have  extended,  is  formed  of  bare,  water- 
worn  hillocks  and  ridges  of  red,  yellow,  and  brown 
rocks,  mingled  together  in  chaos-like  confusion,  inter- 
laced by  dikes,  and  without  any  regular  stratification. 
The  chief  part  consists  of  red  decomposing  scoriae, 
associated  with  various  kinds  of  tuff  and  yellow  argil- 
laceous beds,  full  of  broken  crystals,  those  of  augite 
being  particularly  large.  Here  and  there  masses  of 
highly  cellular  and  amygdaloidal  lavas  protrude.  From 
one  of  the  ridges  in  the  midst  of  the  valley,  a  conical 
precipitous  hill,  called  Lot,  boldly  stands  up,  and  forms 
a  most  singular  and  conspicuous  object.  It  is  com- 
posed of  phonolite,  divided  in  one  part  into  great 
curved  laminae,  in  another,  into  angular  concretionary 
balls,  and  in  a  third  part  into  outwardly  radiating 
columns.  At  its  base  the  strata  of  lava,  tuff,  and 
scoriae,  dip  away  on  all  sides  :  *  the  uncovered  portion 
is  197*  feet  in  height,  and  its  horizonal  section  gives 
an  oval  figure.  The  phonolite  is  of  a  greenish-gray 
colour,  and  is  full  of  minute  acicular  crystals  of 
feldspar;  in  most  parts  it  has  a  conchoidal  fracture, 
and  is  sonorous,  yet  it  is  crenulated  with  minute  air- 
cavities.  In  a  SW.  direction  from  Lot,  there  are 
some  otlier  remarkable  columnar  pinnacles,  but  of  a 

*  Abich,  in  his  '  Views  of  Vesuvius  '  (plate  vi.),  has  shown  the  manner 
in  which  beds,  under  nearly  similar  circumstances,  are  tilted  up.  The 
upper  beds  are  more  turned  up  than  the  lower ;  and  he  accounts  for 
this,  by  showing  that  the  lava  insinuates  itself  horizontally  between 
the  lower  beds. 

'  This  height  is  given  by  Mr.  Scale,  in  his  Geognosy  of  the  island. 
The  height  of  the  summit  above  the  level  of  the  sea,  is  said  to  be  1,444 
feet. 
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less  r^ular  shape,  namely.  Lot's  Wife,  and  the  Asses' 
Ears,  composed  of  allied  kinds  of  rock.  From  their 
flattened  shape,  and  their  relative  position  to  each 
other,  they  are  evidently  connected  on  the  same  line  of 
fissure.  It  is,  moreover,  remarkable  that  this  same 
NE.  and  SW.  line,  joining  Lot  and  Lot's  Wife,  if 
prolonged,  would  intersect  Flagstaff  Hill,  which",  as 
before  stated,  is  crossed  by  numerous  dikes  running 
in  this  direction,  and  which  has  a  disturbed  structure, 
rendering  it  probable  that  a  great  body  of  once  fluid 
rock  lies  injected  beneath  it. 

In  this  same  great  valley  there  are  several  other 
conical  masses  of  injected  rock  (one,  I  observed,  was 
composed  of  compact  greenstone),  some  of  which  .are 
not  connects,  as  far  as  is  apparent,  with  any  line  of 
dike  ;  whilst  others  are  obviously  thus  connected.  Of 
these  dikes,  three  or  four  great  lines  stretch  across  the 
valley  in  a  NE.  and  SW.  direction,  parallel  to  that 
one  connecting  the  Asses'  Ears,  Lot's  Wife,  and  pro- 
bably Lot.  The  number  of  these  masses  of  injected 
ruck  is  a  remarkable  feature  in  the  geology  of  St. 
Helena.  Besides  those  just  mentioned,  and  the  hypo- 
thetical one  beneath  Flagstaff  Hill,  there  is  Little 
Stony-top  and  others,  as  I  have  reason  to  believe,  at 
the  Man-and-Horse,  and  at  High  Hill.  Most  of  these 
masses,  if  not  all  of  them,  have  been  injected  subse- 
quently to  the  last  volanic  eruptions  from  the  central 
crater.  The  formation  of  conical  bosses  of  rock  on 
lines  of  fissure,  the  walls  of  which  are  in  most  cases 
parallel,  may  probably  be  attributed  to  inequalities  in 
the  tension,  causing  small  transverse  fissures ;  and  at 
these  points  of  intersection  the  edges  of  the  strata 
would  naturally  yield,  and  be  easily  turned  upwards. 
Finally,  I  may  remark,  that  hills  of  phonolite  every- 
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where  are  apt^  to  assume  singular  and  even  grotesque 
shapes,  like  that  of  Lot :  the  peak  at  Fernando  Noronha 
offers  an  instance ;  at  St.  Jago,  however,  the  cones 
of  phonolite,  though  tapering,  have  a  regular  form. 
Supposing,  as  seems  probable,  that  all  such  hillocks 
or  obelisks  have  originally  been  injected,  whilst 
liquefied,  into  a  mould  formed  by  yielding  strata,  as 
certainly  has  been  the  case  with  Lot,  how  are  we  t>o 
account  for  the  frequent  abruptness  and  singularity  of 
their  outlines,  compared  with  similarly  injected  masses 
of  greenstone  and  basalt?  Can  it  be  due  to  a  less 
perfect  degree  of  fluidity,  which  is  generally  supposed 
to  be  characteristic  of  the  allied  trachytic  lavas '{ 

•  Superficial  deposits. — Soft  calcareous  sandstone 
occurs  in  extensive,  though  thin,  superficial  beds,  both 
on  the  northern  and  southern  shores  of  the  island. 
It  consists  of  very  minute,  equal-sized,  rounded  particles 
of  shells,  and  other  organic  bodies,  which  partially 
retain  their  yellow,  brown,  and  pink  colours,  and  oc- 
casionally, though  very  rarely,  present  an  obscure  trace 
of  their  original  external  forms.  I  in  vain  endeavoured 
to  find  a  single  unrolled  fragment  of  a  shell.  The 
colour  of  the  particles  is  the  most  obvious  character 
by  which  their  origin  can  be  recognised,  the  tints 
being  affected  (and  an  odour  produced)  by  a  moderate 
heat,  in  the  same  manner  as  in  fresh  shells.  The  par- 
ticles are  cemented  together,  and  are  mingled  with 
some  earthy  matter :  the  purest  masses,  according  to 
Beatson,  contain  70  per  cent,  of  carbonate  of  lime. 
The  beds,  varying  in  thickness  from  two  or  three  feet 
to  fifteen  feet,  coat  the  surface  of  the  ground  ;  they 
generally  lie  on  that  side  of  the  valley  which  is  pro- 
tected from  the  wind,  and  they  occur  at  the  height 

>  D'Aubuisson,  in  his  '  Trait^  de  G^gnoeie '  (torn.  ii.  p.  640),  particu- 
larlj  remarks  that  this  is  the  case. 
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of  several  hundred  feet  above  the  level  of  the  sea. 
Their  podtion  is  the  same,  which  sand,  if  now  drifted 
by  the  trade-wind,  would  occupy ;  and  no  doubt  they 
thus  originated,  which  e^lains  the  equal  size  and 
minuteness  of  the  particles,  and  likewise  the  entire 
absence  of  whole  shells,  or  even  of  moderately-sized 
fragments.  It  is  remarkable  that  at  the  present  day 
there  are  no  shelly  beaches  on  any  part  of  the  coast, 
whence  calcareous  dust  could  be  drifted  and  winnowed ; 
we  must,  therefore,  look  back  to  a  former  period  when 
before  the  land  was  worn  into  the  present  great 
precipices,  a  shelving  coast,  like  that  of  Ascension, 
was  fiivourable  to  the  accumulation  of  shelly  detritus. 
Some  of  the  beds  of  this  limestone  are  between  600 
and  700  feet  above  the  sea ;  but  part  of  this  height 
may  possibly  be  due  to  an  elevation  of  the  land,  sub- 
sequent to  the  accumulation  of  the  calcareous  sand. 

The  percolation  of  rain-water  has  consolidated  parts 
of  these  beds  into  a  solid  rock,  and  has  formed  masses 
of  dark  brown,  stalagmitic  limestone.  At  the  Sugar- 
Loaf  quarry,  fragments  of  rock  on  the  adjoining  slopes,* 
have  been  thickly  coated  by  successive  fine  layers  of 
calcareous  matter.  It  is  singular,  that  many  of  these 
pebbles  have  their  entire  surfaces  coated,  without  any 
point  of  contact  having  been  left  uncovered;  hence, 
these  pebbles  must  have  been  lifted  up  by  the  slow 
deposition  between  them  of  the  successive  films  of  car- 
bonate of  lime.  Masses  of  white,  finely  oolitic  rock  are 
attached  to  the  outside  of  some  of  these  coated  pebbles. 


1  In  the  earthy  detritus  on  several  parts  of  this  hill,  irregular 
masses  of  very  impure,  crystallised  sulphate  of  lime  occur.  As  this 
■ubstance  is  dow  being  abundantly  deposited  by  the  surf  at  Ascension, 
it  is  possible  that  these  masses  may  thus  have  originated ;  but  if  so,  it 
most  haye  been  at  a  period  when  the  land  stood  at  a  much  lower  level. 
This  earthy  selenite  is  now  found  at  a  height  of  between  600  and  700 
feet 

H  2 


lOO  Si.  Helena.  part  i. 

Von    Buch    has    descriibed   a   compact    limestone    at 
Lanzarote,  which  seems  perfectly  to  resemble  the  sta- 
lagmitic  deposition  just  mentioned :  it  coats  pebbles, 
and  in  parts  is  finely  oolitic :  it  forms  a  &r-extended 
layer,  from  one  inch  to  two  or  three  feet  in  thickness, 
and  it  occurs  at  the  height  of  800  feet  above  the  sea, 
but  only  on  that  side  of  the  island  exposed  to  the  violent 
north-western  winds.     Von  Buch  remarks,*  that  it  is 
not  found  in  hollows,  but  only  on  the  unbroken  and 
inclined  surfaces  of  the  mountain.     He  believes,  that 
it  has  been  deposited  by  the  spray  which  is  borne  over 
the  whole  island  by  these  violent  winds.     It  appears, 
however,  to  me  much  more  probable  that  it  has  been 
formed,  as  at  St.  Helena,  by  the  percolation  of  water 
through   finely  comminuted  shells:  for  when  sand  is 
blown  on  a  much  exposed  coast,  it  always  tends  to  accu- 
mulate on  broad,  even  surfaces,  which  offer  a  uniform 
resistance  to  the  winds.     At  the  neighbouring  island, 
moreover,  of  Feurteventura,*  there  is  an  earthy  lime- 
stone, which,  according  to  Von  Buch,  is  quite  similar 
to  specimens  which  he  has  seen  from  St.  Helena,  and 
which  he  believes  to  have  been  formed  by  the  drifting 
of  shelly  detritus. 

The  upper  beds  of  the  limestone,  at  the  above- 
mentioned  quarry  on  the  Sugar-Loaf  Hill,  are  softer, 
finer-grained  and  less  pure,  than  the  lower  beds.  They 
abound  with  fragments  of  land-shells,  and  with  some 
perfect  ones  ;  they  contain,  also,  the  bones  of  birds,  and 
the  large  eggs,'  apparently  of  water-fowl.  It  is  pro- 
bable that  these  upper  beds  remained  long  in  an  uncon- 

'  *  Description  des  Isles  CHnaries,'  p.  293. 

'  Idem,  pp.  314  and  374. 

•  Colonel  Wilkes,  in  a  catalogue  presented  with  some  specimens  to 
the  Geological  Society,  states  that  as  many  as  ten  eggs  were  fi)und  by 
oniB  person.  Dr.  Buckland  has  remarked  (*  Geolog.  Trans.'  vol.  v.  p.  474) 
on  tliese  eggs. 
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solidated  fonn,  during  which  time,  these  **t.^rtestrial 
productions  were  embedded.  Mr.  G.  R.  Sowerbj  has 
kindly,  examined  three  species  of  land-shells,  which  I 
procured  from  this  bed,  and  his  descriptions  are  giVen 
in  the  Appendix.  One  of  them  is  a  Succinea,  identic&V 
with  a  species  now  living  abundantly  on  the  island : 
the  two  others,  namely,  Cocldogena  fossilis  and  Hdix' 
hipliccUa,  are  not  known  in  a  recent  state  :  the  latter 
species  was  also  found  in  another  and  different  locality, 
associated  with  a  species  of  Gochlogena  which  is  un* 
doubtedly  extinct. 

Beds  of  extinct  land-shells. — Land-shells,  all  of 
which  appear  to  be  species  now  extinct,  occur  embedded 
in  earth,  in  several  parts  of  the  island.  The  greater 
number  have  been  found  at  a  considerable  height  on 
Flagstaff  Hill.  On  the  NW.  side  of  this  hill,  a  rain- 
channel  exposes  a  section  of  about  twenty  feet  in  thick- 
ness, of  which  the  upper  part  consists  of  black  vegetable 
mould,  evidently  washed  down  from  the  heights  above, 
and  the  lower  part  of  less  black  earth,  abounding  with 
young  and  old  shells,  and  with  their  fragments :  part 
of  this  earth  is  slightly  consolidated  by  calcareous 
matter,  apparently  due  to  the  partial  decomposition  of 
some  of  the  shells.  Mr.  Scale,  an  intelligent  resident, 
who  first  called  attention  to  these  shells,  gave  me  a 
large  collection  from  another  locality,  where  the  shells 
appear  to  have  been  embedded  in  very  black  earth. 
Mr.  G.  R.  Sowerby  has  examined  these  shells,  and  has 
described  them  in  the  Appendix.  There  are  seven 
species,  namely,  one  Gochlogena,  two  species  of  the 
genus  Cochlicopa,  and  four  of  Helix  :  none  of  these  are 
known  in  a  recent  state,  or  have  been  found  in  any 
other  coimtry.  The  smaller  species  were  picked  out  of 
the  inside  of  the  large  shells  of  the  Gochlogena  auris- 
viUpina.      This   last-mentioned    species   is  in    many 
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respects' -V Very,  singular  one;  it  was  classed,  even  by 
Lam^dk;  in  a  marine  genus,  and  having  thus  been 
mi^t^lbn  for  a  sea-shell,  and  the  smaller  accompanying 
species   having  been   overlooked,  the   exact  localities 
%h^e  it  was  found  have  been  measured,  and  the  eleva- 
tion of  this  island  thus  deduced !     It  is  very  remarkable 
that  all  the  shells  of  this  species  found  by  me  in  one 
•-.'*  spot,   form   a   distinct   variety,   as   described   by  Mr. 
Sowerby,  from  those  procured  from  another  locality  by 
Mr.   Seale.     As  this  Cochlogena  is  a  large   and  con- 
spicuous  shell,   I   particularly  enquired   from  several 
intelligent  countrymen  whether  they  had  ever  seen  it 
alive  ;  they  all  assured  me  that  they  had  not,  and  they 
would  not  even  believe  that  it  was  a  land  animal :  Mr. 
Scale,  moreover,  who  was  a  collector  of  shells  all  his 
life  at  St.  Helena,  never  met  with  it  alive.     Possibly 
some  of  the  smaller  species  may  turn  out  to  be  yet 
living  kinds ;  but,  on  the  other  hand,  the  two  land-shells 
which  are  now  living  on  the  island  in  great  numbers, 
do  not  occur  embedded,  as  far  as  it  is  yet  known,  with 
the  extinct  species.     I  have  shown  in  my  Journal,*  that 
the  extinction  of  these  land-shells  possibly  may  not  be 
an  ancient  event ;  as  a  great  change  took  place  in  the 
state  of  the  island  about  120  years  ago,  when  the  old 
trees  died,  and  were  not  replaced  by  young  ones,  these 
being  destroyed  by  the  goats  and  hogs,  which  had  run 
wild  in  numbers,  from  the  year  1 502.     Mr.  Scale  states, 
that  on  Flagstaff  Hill,  where  we  have  seen  that  the 
embedded   land-shells  are  especially  numerous,  traces 
are   everywhere   discoverable,   which   plainly   indicate 
that  it  was  once  thickly  clothed  with   trees  ;  at  present 
not  even  a  bush  grows  there.     The  thick  bed  of  black 
vegetable   mould  which  covers   the  shell-bed,  on   the 


*  •  Journal  of  Researches,'  1845,  p.  489. 
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flanks  of  this  hill,  was  probably  washed  down  from  the 
upper  part,  as  soon  as  the  trees  perished,  and  the  shelter 
afforded  by  them  was  lost. 

Elevation  of  the  land. — Seeing  that  the  lavas  of 
the  basal  series,  which  are  of  submarine  origin,  are 
raised  above  the  level  of  the  sea,  and  at  some  places  to 
the  height  of  many  hundred  feet,  I  looked  out  for 
superficial  signs  of  the  elevation  of  the  land.  The 
bottoms  of  some  of  the  gorges,  which  descend  to  the 
coast,  are  filled  up  to  the  depth  of  about  a  hundred 
feet,  by  rudely  divided  layers  of  sand,  muddy  clay,  and 
fragmentary  masses;  in  these  beds,  Mr.  Scale  has  found 
the  bones  of  the  tropic-bird  and  of  the  albatross ;  the 
former  now  rarely,  and  the  latter  never  visiting  the 
island.  From  the  diflference  between  these  layers,  and 
the  sloping  piles  of  detritus  which  rest  on  them,  I 
suspect  that  they  were  deposited,  when  the  gorges  stood 
beneath  the  sea.  Mr.  Seale,  moreover,  has  shown  that 
some  of  the  fissure-like  gorges,^  become,  with  a  concave 
outline,  gradually  rather  wider  at  the  bottom  than  at 
the  top ;  and  this  peculiar  structure  was  probably 
caused  by  the  wearing  action  of  the  sea,  when  it  entered 
the  lower  part  of  these  gorges.  At  greater  heights, 
the  evidence  of  the  rise  of  the  land  is  even  less  clear : 
nevertheless,  in  a  bay-like  depression  on  the  table-land 
behind  Prosperous  Bay,  at  the  height  of  about  1,000 
feet,  there  are  flat-topped  masses  of  rock,  which  it  is 
scarcely  conceivable,  could  have  been  insulated  from 
the  surroimding  and  similar  strata,  by  any  other  agency 
than  the  denuding  action  of  a  sea-beach.  Much  denu- 
dation, indeed,  has  been  effected  at  great  elevations, 
which  it  would  not  be  easy  to  explain  by  any  other 
means:  thiis,  the  flat  summit  of  the  Barn,  which  is 

*  A  fissure-like  gorge,  near  Stony-top,  is  sedd  by  Mr.  Seale  to  be  840 
feet  deep,  and  only  116  feet  in  width. 
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2,000  feet  high,  presents,  according  to  Mr.  Seale,  a 
perfect  net-work  of  truncated  dikes  ;  on  hills  like  the 
Flagstaff,  formed  of  soft  rock,  we  might  suppose  that 
the  dikes  had  been  worn  down  and  cut  off  by  meteoric 
agency,  but  we  can  hardly  suppose  this  possible  with 
the  hard,  basaltic  strata  of  the  Bam. 

Codst  denudatian. — The  enormous  cliffs,  in  many 
parts  between  1,000  and  2,000  feet  in  height,  with 
which  this  prison-like  island  is  surrounded,  with  the 
exception  of  ouly  a  few  places,  where  narrow  valleys 
descend  to  the  coast,  is  the  most  striking  feature  in  its 
scenery.  We  have  seen  that  portions  of  the  basaltic 
ring,  two  or  three  miles  in  length  by  one  or  two  miles 
in  breadth,  and  from  one  to  two  thousand  feet  in  height, 
have  been  wholly  removed.  There  are,  also,  ledges  and 
banks  of  rock,  rising  out  of  profoundly  deep  water,  and 
distant  from  the  present  coast  between  three  and  four 
miles,  which,  according  to  Mr.  Seale,  can  be  traced  to 
thp  shore,  and  are  found  to  be  the  continuations  of 
certain  well-known  great  dikes.  The  swell  of  the 
Atlantic  Ocean  has  obviously  been  the  active  power  in 
forming  these  cliffs;  and  it  is  interesting  to  observe 
that  the  lesser,  though  still  great,  height  of  the  cliffs 
on  the  leeward  and  partially  protected  side  of  the 
island,  (extending  from  the  Sugar-Loaf  Hill  to  South 
West  Point,)  corresponds  with  the  lesser  degree  of 
exposure.  When  reflecting  on  the  comparatively  low 
coasts  of  many  volcanic  islands,  which  also  stand  ex- 
posed in  the  open  ocean,  and  are  apparently  of  consider- 
able antiquity,  the  mind  recoils  from  an  attempt  to 
grasp  the  number  of  centuries  of  exposure,  necessary  to 
have  ground  into  mud  and  to  have  dispersed  the  enor- 
mous cubic  mass  of  hard  rock  which  has  been  pared  off 
the  circumfeience  of  this  island.  The  contrast  in  the 
superficial   state   of  St.   Helena,   compared   with   the 
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nearest  idand,  namely,  Ascension,  is  very  striking*  At 
Ascension,  the  surfaces  of  the  lava-streams  are  glossy,  as 
if  just  poured  forth,  their  boundaries  are  well  defined, 
and  they  can  often  be  traced  to  perfect  craters,  whence 
they  were  erupted ;  in  the  course  of  many  long  walks, 
I  did  not  observe  a  single  dike  ;  and  the  coast  round 
nearly  the  entire  circumference  is  low,  and  has  been 
eaten  back  (though  too  much  stress  must  not  be  placed 
on  this  fact,  as  the  island  may  have  been  subsiding) 
into  a  little  wall  only  from  ten  to  thirty  feet  high.  Yet 
during  the  340  years,  since  Ascension  has  been  known, 
not  even  the  feeblest  signs  of  volcanic  action  have  been 
recorded.*  On  the  other  hand,  at  St.  Helena,  the  course 
of  no  one  stream  of  lava  can  be  traced,  either  by  the 
state  of  its  boundaries  or  of  its  superficies ;  tlie  mere 
wreck  of  one  great  crater  is  left ;  not  the  valleys  only, 
but  the  surface  of  some  of  the  highest  hills,  are  inter- 
laced by  worn-down  dikes,  and,  in  many  places,  the 
denuded  summits  of  great  cones  of  injected  rock  stand 
exposed  and  naked ;  lastly,  as  we  have  seen,  the  entire 
circuit  of  the  island  has  been  deeply  worn  back  into  the 
grandest  precipices. 

Craters  of  Elevation. 

There  is  much  resemblance  in  structure  and  in 
geological  history  between  St.  Ht4ena,  St.  Jago,  and 
Mauritius.     All  three  islands  are  bounded  (at  least  in 

>  In  the  *  Nautical  Magazine'  for  1835,  p.  642,  and  for  1838,  p.  361, 
and  in  the  'Comptes  Rendus,'  April,  1838,  accountaaregivenof  a  series 
of  Tolcanic  phenomena — earthquakOvS — troubled  water — floating  scorise 
and  columns  of  smoke— \*hich  have  been  observed  at  intervals  since 
the  middle  of  the  l.i»*t  century,  in  a  space  of  open  sea  between  longi- 
tudes 20°  and  22°  west,  about  half  a  degree  south  of  the  equator. 
Tliese  facta  seem  to  show,  that  an  island  or  an  archipelago  is  in  process 
of  formation  in  the  middle  of  the  Atlantic :  a  line  joining  St  Helena 
and  Ascension,  prolonged,  intersects  this  slowly  nascent  focus  of  vol- 
cmnic  action. 
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the  parts  which  I  was  able  to  examine)  by  a  ring  of 
basaltic  mountains,  now  much  broken,  but  evidently 
once  continuous.  These  mountains  have,  or  apparently 
once  had,  their  escarpements  steep  towards  the  interior 
of  the  island,  and  their  strata  dip  outwards.  I  was 
able  to  ascertain,  only  in  a  few  cases,  the  inclination  of 
the  beds ;  nor  was  this  easy,  for  the  stratification  was 
generally  obscure,  except  when  viewed  from  a  distance. 
I  feel,  however,  little  doubt  that,  according  to  the  re- 
searches of  M.  Elie  de  Beaumont,  their  average  in- 
clination is  greater  than  that  which  they  could  have 
acquired,  considering  their  thickness  and  compactness, 
by  flowing  down  a  sloping  surface.  At  St.  Helena, 
and  at  St.  Jago,  the  basaltic  strata  rest  on  older  and 
probably  submarine  beds  of  different  composition.  At 
all  three  islands,  deluges  of  more  recent  lavas  have 
flowed  from  the  centre  of  the  island,  towards  and  be- 
tween the  basaltic  mountains ;  and  at  St.  Helena  the 
central  platform  has  been  filled  up  by  them.  All 
three  islands  have  been  raised  in  mass.  At  Mauritius 
the  sea,  within  a  late  geological  period,  must  have 
reached  to  the  foot  of  the  basaltic  mountains,  as  it  now 
does  at  St.  Helena ;  and  at  St.  Jago  it  is  cutting  back 
the  intermediate  plain  towards  them.  In  these  three 
islands,  but  especially  at  St.  Jago  and  at  Mauritius, 
when,  standing  on  the  summit  of  one  of  the  old  basaltic 
mountains,  one  looks  in  vain  towards  the  centre  of  the 
island, — the  point  towards  which  the  strata  beneath 
one's  feet,  and  of  the  mountains  on  each  side,  rudely 
converge, — for  a  source  whence  these  strata  could  have 
been  erupted ;  but  one  sees  only  a  vast  hollow  platform 
stretched  beneath,  or  piles  of  matter  of  more  recent 
origin. 

These  basaltic  mountains   come,  I  presume,   into 
the   class   of  Craters   of  elevation:    it  is  immaterial 
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whether  the  rings  were  ever  completely  formed,  for  the 
portions  which  now  exist  have  so  miiform  a  structure, 
that,  if  they  do  not  form  fragments  of  true  craters, 
they  cannot  be  classed  with  ordinary  lines  of  elevation. 
With  respect  to  their  origin,  after  having  read  the 
works  of  Mr.  Lyell,*  and  of  MM.  C.  Prevost  and  Virlet, 
I  cannot  believe  that  the  great  central  hollows  have 
been  formed  by  a  simple  dome-shaped  elevation,  and 
the  consequent  arching  of  the  strata.  On  the  other 
hand,  I  have  very  great  diflSculty  in  admitting  that 
these  basaltic  mountains  are  merely  the  basal  fragments 
of  great  volcanos,  of  which  the  summits  have  either 
been  blown  off,  or  more  probably  swallowed  up  by 
subsidence.  These  rings  are,  in  some  instances,  so 
inmiense,  as  at  St.  Jago  and  at  Mauritius,  and  their 
occurrence  is  so  frequent,  that  I  can  hardly  persuade 
myself  to  adopt  this  explanation.  Moreover,  I  suspect 
that  the  following  circumstances,  from  their  frequent 
concurrence,  are  someway  connected  together, — a  con- 
nection not  implied  in  either  of  the  above  views: 
namely,  first,  the  broken  state  of  the  ring,  showing 
that  the  now  detached  portions  have  been  exposed  to 
great  denudation,  and  in  some  cases,  perhaps,  rendering 
it  probable  that  the  ring  never  was  entire ;  secondly, 
the  great  amount  of  matter  erupted  from  the  central 
area  after  or  during  the  formation  of  the  ring ;  and 
thirdly,  the  elevation  of  the  district  in  mass.  As  far 
as  relates  to  the  inclination  of  the  strata  being  greater 
than  that  which  the  basal  fragments  of  ordinary  vol- 
canos would  naturally  possess,  I  can  readily  believe 
that  this  inclination  might  have  been  slowly  acquired 
by  that  amount  of  elevation,  of  which,  according  to 
M.  Elie  de  Beaumont,  the  numerous  upfilled  fissures  or 
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dikes  are  the  evidence  and  the  measure, — a  view 
equally  novel  and  important,  which  we  owe  to  the  re- 
searches of  that  geologist  on  Mount  Etna. 

A  conjecture,  including  the  above  circumstances, 
occurred  to  me,  when, — with  my  mind  fully  convinced, 
from  the  phenomena  of  1835  in  South  America,^  that 
the  forces  which  eject  matter  from  volcanic  orifices  and 
raise  continents  in  mass  are  identical,-^!  viewed  that 
part  of  the  coast  of  St.  Jago,  where  the  hbrizontally 
upraised,  calcareous  stratum  dips  into  the  sea,  directly 
beneath  a  cone  of  subsequently  erupted  lava.  The 
conjecture  is  that,  during  the  slow  elevation  of  a  vol- 
canic district  or  island,  in  the  centre  of  which  one  or 
more  orifices  continue  open,  and  thus  relieve  the  sub- 
terranean forces,  the  borders  are  elevated  more  than 
the  central  area ;  and  that  the  portions  thus  upraised 
do  not  slope  gently  into  the  central,  less  elevated  area, 
as  does  tlie  calcareous  stratum  under  the  cone  at  St. 
Jago,  and  as  does  a  large  part  of  the  circumference  of 
Iceland,^  but  that  they  are  separated  from  it  by  curved 

*  I  have  given  a  detailed  account  of  these  phenomena,  in  a  paper 
read  before  the  Geological  Society  in  March.  1838.  At  the  instant  of 
time,  when  an  immense  area  wms  convulsed  and  a  large  tract  elevated, 
the  districts  immediately  surrounding  several  of  the  great  vents  in  the 
Cordillera  remained  quiescent ;  the  subterranean  forces  being  appar- 
ently relieved  by  the  eruptions,  which  then  recommenced  with  great 
violence.  An  event  of  somewhat  the  same  kind,  but  on  an  infinitely 
smaller  scale,  appears  to  have  taken  place,  according  to  Abich  (*  Views 
of  Vesuvius,'  plates  i.  and  ix.),  within  the  great  crater  of  Vesuvius, 
where  a  platform  on  one  side  of  a  fissure  was  raised  in  mass  twenty 
feet,  whilst  on  tlie  other  side,  a  train  of  small  volcanos  burst  forth  in 
eruption. 

'  It  appears,  from  information  communicated  to  me  in  the  most 
obliging  manner  by  M.  E.  Robert,  that  the  circumferential  parts  of 
Iceland,  which  are  compared  of  ancient  basaltic  strata  alternating  with 
tuflf,  dip  inland,  thus  forming  a  gigantic  saucer.  M.  Robert  found  that 
this  was  the  case,  with  a  few  and  quite  local  exceptions,  for  a  space 
of  coast  several  hundred  miles  in  length.  I  find  this  statement 
corroborated,  as  far  as  regards  one  place,  by  Mackenzie,  in  his  'Travels  ' 
(p.  377),  and  in  another  place  by  some  MS.  notes  kindly  lent  me  by 
I)r.  Holland.    The  coast  is  deeply  indented  by  creeks,  at  the  head  of 
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&ult8.  We  might  expect,  from  what  we  see  along 
ordinary  faults,  that  the  strata  on  the  upraised  side, 
alreadj^  dipping  outwards  from  their  original  formation 
as  lava-streams,  would  be  tilted  from  the  line  of  fault, 
and  thus  have  their  inclination  increased.  According 
to  this  hypothesis,  which  I  am  tempted  to  extend  only 
to  some  few  cases,  it  is  not  probable  that  the  ring 
would  ever  be  formed  quite  perfect ;  and  from  the 
elevation  being  slow,  the  upraised  portions  would 
generally  be  exposed  to  much  denudation,  and  hence 
the  ring  become  broken  ;  we  might  also  expect  to  find 
occasional  inequalities  in  the  dip  of  the  upraised 
masses,  as  is  the  case  at  St.  Jago.  By  this  hypothesis 
the  elevation  of  the  districts  in  mass,  and  the  flowing 
of  deluges  of  lava  from  the  central  platforms,  are  like- 
wise connected  together.  On  this  view  the  marginal 
basaltic  mountains  of  the  three  foregoing  islands  might 
still  be  considered  as  forming  *  Craters  of  elevation ; ' 
the  kind  of  elevation  implied  having  been  slow,  and 
the  central  hollow  or  platform  having  been  formed,  not 
by  the  arching  of  the  surface,  but  simply  by  that  part 
having  been  upraised  to  a  less  height. 

which  the  land  is  generally  low.  M.  Robert  informs  me,  that  the 
inwardly  dipping  strata  appear  to  extend  as  far  as  this  line,  and  that 
their  inclination  usually  corresponds  with  the  slope  of  the  surface,  from 
the  high  coast-mountains  to  the  low  land  at  the  head  of  these  creeks. 
In  the  section  described  by  Sir  G.  Mackenzie,  the  dip  is  \2\  The 
interior  parts  of  the  island  chiefly  consist,  as  far  as  is  known,  of 
recently  erupted  matter.  The  great  size,  however,  of  Iceland,  equalling 
the  bulkiest  part  of  Engbind,  ought  perhaps  to  exclude  it  from  the 
class  of  islands  we  have  been  considering ;  but  I  cannot  avoid  suspect* 
ing  that  if  the  const- mountains,  instead  of  gently  sloping  into  the  less 
elevated  central  area,  had  been  separated  from  it  by  irregularly  curved 
faults,  the  strata  would  have  been  tilted  seaward,  and  a  *  Crater  of 
elevation,'  like  that  of  St.  Jago  or  that  of  Mauritius,  but  of  much  vaster 
dimensions,  would  have  been  formed.  I  will  only  further  remark,  that 
the  frequent  occurrence  of  extensive  lakes  at  the  foot  of  large  volcanos, 
and  the  fr^uent  association  of  volcanic  and  fresh-water  strata,  seem  to 
indicate  that  the  areas  around  volcanos  are  apt  to  be  depressed  beneath 
the  general  level  of  the  adjoining  country,  either  from  having  beep 
less  elevated,  or  from  the  effects  of  subsidence. 
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CHAPTER  V 

GALAPAGOS   ARCHIPELAGO. 

Chatham  Idand — Craters  composed  of  a  peculiar  kind  of  tuff — Small 
basaltic  craters^  with  hollows  at  thtir  bases  —Albemarle  Island^  fluid 
lavas,  their  composition —  Craters  of  tuff^  inclination  of  their  exterior 
diverging  strata,  and  structure  of  their  interior  converging  strata — 
James  Island,  segment  of  a  small  basaltic  crater;  fluidity  and  compo- 
sition of  its  lava  streams,  and  of  its  ejected  fragments — Concluding  re- 
marks on  the  craters  of  tuff,  and  on  the  breached  condition  of  their 
southern  sides — Mineralogical  composition  of  the  rocks  of  the  archipe- 
lago— Elevation  of  the  land — Direction  of  the  fissures  of  eruption. 

This  archipelago  is  situated  under  the  Equator,  at  a 
distance  of  between  five  and  six  hundred  miles  from 
the  west  coast  of  South  America.  It  consists  of  five 
principal  islands,  and  of  several  small  ones,  which 
together  are  equal  in  area,^  but  not  in  extent  of  land, 
to  Sicily,  conjointly  with  the  Ionian  Islands.  They  are 
all  volcanic :  on  two,  craters  have  been  seen  in  erup- 
tion, and  on  several  of  the  other  islands,  streams  of 
lava  have  a  recent  appearance.  The  larger  islands  are 
chiefly  composed  of  solid  rock,  and  they  rise  with  a 
tame  outline  to  a  height  of  between  one  and  foiu- 
thousand  feet.  They  are  sometimes,  but  not  generally, 
Burmoimted  by  one  principal  orifice.     The  craters  vary 

*  I  exclude  from  this  measurement,  the  small  volcanic  islands  of 
Culpepper  and  Wenman,  lying  seventy  miles  northward  of  the  group. 
Craters  were  visible  on  all  the  islands  of  the  group,  except  on  Towt  rs 
Island,  which  is  one  of  the  lowest ;  this  island  is,  however,  formed  of 
volcanic  rocks. 
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in  size  from  mere  spiracles  to  huge  caldrons  several 
miles  in  circumference ;  they  are  extraordinarily 
numerous,  so  that  I  should  thinks  if  enumerated,  they 
would  be  found  to  exceed  two  thousand ;  they  are 
formed  either  of  scoriae  and  lava,  or  of  a  brown  coloured 
tuff;  and  these  latter  craters  are  in  several  respects 
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remarkable.  The  whole  group  was  surveyed  by  the 
officers  of  the  Beagle.  I  visited  myself  four  of  the 
principal  islands,  and  received  specimens  from  all  the 
others.  Under  the  head  of  the  different  islands  I  will 
describe  only  that  which  appears  to  me  deserving  of 
attention. 

Chatham  Island.     Craters  composed  of  a  singulo/r 
kmd  of  tuff. — Towards  the  eastern  end  of  this  island 
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there  occur  two  craters  composed  of  two  kinds  of  tuff; 
one  kind  being  finable,  like  slightly  consolidated  ashes ; 
and  the  other  compact,  and  of  a  different  nature  from 
anything  which   I   have  met   with   destcribed.      This 
latter  substance,  where  it  is  best  characterised,  is  of  a 
yellowish-brown  colour,  translucent,  and  with  a  lustre 
somewhat  resembling    resin;    it   is   brittle,    with   an 
angular,  rough,  and  very  irregular  fracture,  sometimes,, 
however,  being  slightly  granular,  and  even  obscurely 
crystalline :  it  can  readily  be  scratched  with  a  knife, 
yet  some  points  are  hard  enough  just  to  mark  common 
glass ;    it  fuses  with  ease  into  a  blackish-green  glass. 
The  mass  contains  numerous  broken  crystals  of  olivine 
and  augite,  and  small  particles  of  black  and  brown 
Bcoriai :  it  is  often  traversed  by  thin  seams  of  calcareous 
matter.     It  generally  afiFects  a  nodular  or  concretionary 
structure.     In  a  hand  specimen  this  substance  would 
certaiuly  be  mistaken  for  a  pale  and  peculiar  variety  of 
pitchstone ;  but  when  seen  in  mass  its  stratification, 
and  the  numerous  layers  of  fragments  of  basalt,  both 
angular  and  rounded,   at  once  render  its  subaqueous 
origin  evident.     An  examination  of  a  series  of  speci- 
mens shows  that  this  resin-like  substance  results  from  a 
chemical  change  on  small  particles  of  pale  and  dark- 
coloured  scoriaceous  rocks ;  and  this  change  could  be 
distinctly  traced  in  different  stages  round  the  edges  of 
even  the  same  particle.     The  position  near  the  coast 
of  all   the  craters  composed  of  this  kind  of  tuff  or 
peperino,   and    their    breached   condition,   rendere   it 
probable  that  they  were  all  formed  when  standing  im- 
mersed  in   the   sea ;    considering    this   circumstance, 
together  with  the  remarkable  absence  of  large  beds  of 
ashes   in   the   whole    archipelago,   I   think   it   highly 
probable  that  much  the  greater  part  of  the  tuff  has 
originated  from  the  trituration  of  fragments  of  the 


CHAP.  T.  Altered  Tuff.  1 1 


^ 


gray,  basaltic  lavas  in  the  mouths  of  craters  standing  in 
the  sea.  It  may  he  asked  whether  the  heated  water 
within  these  craters  has  produced  this  singular  change 
in  the  small  scoriaceous  particles,  and  given  to  them 
their  translucent,  resin-like  fracture  ?  Or  has  the 
associated  lime  played  any  part  in  this  change  ?  I  ask 
these  questions  from  having  found  at  St.  Jago,  in  the 
Cape  de  Verde  Islands,  that  where  a  great  stream  of 
molten  lava  has  flowed  over  a  calcareous  bottom  into 
the  sea,  the  outermost  film,  which  in  other  parts  re- 
sembles pitchstone,  is  changed,  apparently  by  its 
contact  with  the  carbonate  of  lime,  into  a  resin-like 
substance,  precisely  like  the  best  characterised  speci- 
mens of  the  tuff  from  this  archipelago.^ 

To  return  to  the  two  craters :  one  of  them  stands  at 
the  distance  of  a  league  from  the  coast,  the  intervening 
tract  consisting  of  a  calcareous  tuff,  apparently  of  sub- 
marine origin.  This  crater  consists  of  a  circle  of  hills, 
some  of  which  stand  quite  detached,  but  all  have  a  very 
regular,  qua-qua  versal  dip,  at  an  inclination  of  between 
thirty  and  forty  degrees.  The  lower  beds,  to  the  thick- 
ness of  several  hundred  feet,  consist  of  the  resin-like 
stone,  with  embedded  fragments  of  lava.  The  upper 
beds,  which  are  between  thirty  and  forty  feet  in  thick- 
ness, are  composed  of  a  thinly  stratified,  fine-grained, 
harsh,  friable,  brown-coloured  tuff,  or  peperino.^  A 
central   mass  without   any  stratification,  which   must 


'  The  concretions  containing'  lime,  which  I  have  described  at 
Ascension,  as  formed  in  a  bed  of  ashes,  present  some  degree  of  resem- 
blance to  this  substance,  but  they  have  not  a  resinous  fracture.  At  St. 
Helena,  also,  I  found  veins  of  a  somewhat  similar,  compact,  but  non- 
resinous  substance,  occurring  in  a  bed  of  pumiceous  ashes,  apparently 
free  from  calcareous  matter :  in  neither  of  these  cases  could  heat  have 
acted. 

*  Those  geologists  who  restrict  the  term  of  '  tuflF'  to  ashes  of  a  white 
colour,  resulting  from  the  attrition  of  feldspathic  lavas,  would  call  these 
brown-coloured  strata '  pepe'rino.' 
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formerly  have  occupied  the  hollow  of  the  crater,  but  is 
Qow  attached  only  to  a  fev  of  the  drcumfnential  hills, 
consists  of  a  tuff,  intermediate  in  character  between 
that  with  a  resin-like,  and  that  with  an  earthy  fracture. 
This  mass  contains  white  calcareous  matter  in  small 
patches.  The  second  crater  (520  feet  in  height)  must 
have  eiisted  until  the  eruption  of  a  recent,  great  stream 
of  lava,  as  a  separate  islet ;  a  fine  section,  worn  by  the 
sea,  shows  a  grand  funnel-shaped  mass  of  basalt,  sur- 
rounded by  eteep,  Bloping  flanks  of  tuff,  having  iu  parts 
an  earthy,  and  in  others,  a  semi-resinous  fracture.  The 
tuff  is  traversed  by  several  broad,  vertical  dikes,  with 
smooth  and  parallel  sides,  which  I  did  not  doubt  were 
formed  of  basalt,  until  I  actually  broke  off  fiagments. 
These  dikes,  however,  consist  of  tuff  like  that  of  the 
surrounding  strata,  but  more  compact,  and  with  a 
smoother    fracture;    hence    we    must   conclude,  that 
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s  were  formed  and  filled  up  with  the  finer  mud 
or  tuff  from  the  crater,  before  its  interior  was  occiipifd, 
as  it  now  is,  by  a  solidified  pool  of  basalt.  Other 
fissures  have  l>een  subsequently  formed,  parallel  to 
these  singular  dikes,  and  are  merely  filled  with  loose 
rubbish.  The  change  from  ordinary  scoriaccoiis  parti- 
cles to  the  substance  with   a  semi-resiuous   fracture. 
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could  be  clearly  followed  in  portions  of  the  compact 
tufif  of  these  dikes. 

At  the  distance  of  a  few  miles  from  these  two 
craters,  stands  the  Kicker  Bock,  or  islet,  remarkable 
from  its  singular  form.  It  is  unstratified,  and  is  com- 
posed of  compact  tuff,  in  parts  having  the  resin-like 
fracture.  It  is  probable  that  this  amorphous  mass, 
like  that  similar  mass  in  the  case  first  described,  once 
filled .  up  the  central  hollow  of  a  crater,  and  that  its 
flanks,  or  sloping  walls,  have  since  been  worn  quite 
away  by  the  sea,  in  which  it  stands  exposed. 

Small  basaltic  craters. — A  bare,  undulating  tract, 
at  the  eastern  end  of  Chatham  Island,  is  remarkable 
from  the  number,  proximity,  and  form  of  the  small 
basaltic  craters  with  which  it  is  studded.  They  consist, 
either  of  a  mere  conical  pile,  or,  but  less  commonly,  of 
a  circle,  of  black  and  red,  glossy  scoriae,  partially  ce- 
mented together.  They  vary  in  diameter  from  30  to 
150  yards,  and  rise  from  about  50  to  100  feet  above 
the  level  of  the  surrounding  plain.  From  one  small 
eminence,  I  counted  sixty  of  these  craters,  all  of  which 
were  within  a  third  of  a  mile  from  each  other,  and 
many  were  much  closer.  I  measured  the  distance 
between  two  very  small  craters,  and  found  that  it  was 
only  thirty  yards  from  the  summit-rim  of  one  to  the 
rim  of  the  other.  Small  streams  of  black,  basaltic  lava, 
containing  olivine  and  much  glassy  feldspar,  have  flowed 
from  many,  but  not  from  all  of  these  craters.  The 
surfaces  of  the  more  recent  streams  were  exceedingly 
rugged,  and  were  crossed  by  great  fissures ;  the  older 
streams  were  only  a  little  less  rugged ;  and  they  were 
all  blended  and  mingled  together  in  complete  confusion. 
The  different  growth,  however,  of  the  trees  on  the 
streams,  often  plainly  marked  their  different  ages. 
Had  it  not  been  for  this  latter  character,  the  streams 
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could  in  few  cases  have  been  distinguished ;  and,  con- 
sequently, this  wide  undulatory  tract  might  have,  (as 
probably  many  tracts  have,)  been  erroneously  considered 
as  formed  of  one  great  deluge  of  lava,  instead  of  by  a 
multitude  of  small  streams,  erupted  from  many  small 
orifices. 

In  several  parts  of  this  tract,  and  especially  at  the 
base  of  the  small  craters,  there  are  circular  pits,  with 
pei'pendicular  sides,  from  twenty  to  forty  feet  deep.  At 
the  foot  of  one  small  crater,  there  were  three  of  these 
pits.  They  have  probably  been  formed,  by  the  falling 
in  of  the  roofs  of  small  caverns.^  In  other  parts,  there 
are  mammiform  hillocks,  which  resemble  great  bubbles 
of  lava,  with  their  summits  fissured  by  irregular  cracks, 
which  appeared,  upon  entering  them,  to  be  very  deep ; 
lava  has  not  flowed  from  these  hillocks.  There  are, 
ako,  other  very  regular,  mammiform  hillocks,  composed 
of  stratified  lava,  and  surmounted  by  circular,  steep- 
sided  hollows,  which,  I  suppose  have  been  formed  by  a 
body  of  gas,  first,  arching  the  strata  into  one  of  the 
bubble-like  hillocks,  and  then,  blowing  off  its  summit. 
These  several  kinds  of  hillocks  and  pits,  as  well  as  the 
numerous,  small,  scoriaceous  craters,  all  show  that  this 
tract  has  been  penetrated,  almost  like  a  sieve,  by  the 
passage  of  heated  vapours.  The  more  regular  hillocks 
could  only  have  been  heaved  up,  whilst  the  lava  was  in 
a  softened  state.^ 

^  M.  Elie  de  Beaumont  has  described  (*  Mem.  pour  servir,'  &c.,  torn. 
IV.  p.  113)  many  'petits  cirques  deboulement'  on  Etna,  of  some  of 
which  the  origin  is  historically  known. 

^  Sir  G.  Mackenzie  ('  Tmvels  in  Iceland/  pp.  389  to  392)  has  described 
a  plain  of  lava  at  the  foot  of  Hecla,  everywhere  heaved  up  into  great 
bubbles  or  blisters.  Sir  George  states  that  this  cavernous  lava  com- 
poses the  uppermost  stratum  ;  and  the  same  fact  is  affirmed  by  Von 
Buch  ('Descript.  dos  Isles  Canaries,'  p.  159),  with  respect  to  the  basaltic 
stream  near  Kialejo,  in  Teneriffe.  It  appears  singular  that  it  should 
be  the  upper  streams  that  are  chiefly  cavernous,  for  one  sees  no  reason 
why  the  upper  and  lower  should  not  have  been  equally  affected   at 
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Albemarle  Island. — This  island  consists  of  five, 
great,  flat-topped  craters,  which,  together  with  the  one 
on  the  adjoining  island  of  Narboroiigh,  singularly  re- 
semble each  other,  in  form  and  height.  The  southern 
one  is  4,700  feet  high,  two  others  are  3,720  feet,  a  third 
only  50  feet  higher,  and  the  remaining  ones  apparently 
of  nearly  the  same  height.  Three  of  these  are  situated 
on  one  line,  and  their  craters  appear  elongated  in  nearly 
the  same  direction.  The  northern  crater,  which  is  not 
the  largest,  was  found  by  the  triangulation  to  measure, 
externally,  no  less  than  three  miles  and  one-eighth  of  a 
mile  in  diameter.  Over  the  lips  of  these  great,  broad 
caldrons,  and  from  little  orifices  near  their  summits, 
deluges  of  black  lava  have  flowed  down  their  naked  sides. 

Fluidity  of  different  Uivas. — Near  Tagus  or  Banks' 
Cove,  I  examined  one  of  these  great  streams  of  lava, 
which  is  remarkable  from  the  evidence  of  its  former 
high  degree  of  fluidity,  especially  when  its  composition 
is  considered.  Near  the  sea-coast  this  stream  is  several 
miles  in  width.  It  consists  of  a  black,  compact  base, 
easily  fusible  into  a  black  bead,  with  angular  and  not 
very  numerous  air-cells,  and  thickly  studded  with  large, 
fractured  crystals  of  glassy  albite,^  varying  from  tlie 


diflferent  times;— hare  the  inferior  stTcams  flowed  beneath  the  pressure 
of  the  sea,  and  thus  been  flattened,  after  the  passage  through  them,  of 
bodies  of  gas  ? 

*  In  the  Cordillera  of  Chile.  I  have  seen  lava  very  closely  resembling 
this  variety  at  the  Galapagos  Archipelago.  It  contiined,  however,  be- 
sides the  albite,  well-formed  crystals  of  augite,  and  the  base  (perhaps  in 
consequence  of  the  »^:gregation  of  the  augitic  particlee)  was  a  shade 
lighter  in  colour.  I  may  here  remark,  that  in  all  these  cases,  I  call  the 
ft-ldspathic  crystals,  alhuc,  from  their  cleavage-planes  (as  measured  by 
the  reflecting  goniometer)  corresponding  with  those  of  that  mineral. 
As,  however,  other  species  of  this  genus  have  lately  been  discovered  to 
cleave  in  nearly  the  same  planes  with  albite,  this  determination  must 
be  considered  as  only  provisional.  I  examined  the  crystals  in  the 
lavas  of  many  different  parts  of  the  Galapagos  group,  and  I  found  that 
note  of  them,  with  the  exception  of  some  crystals  from  one  part  of 
James  Island,  cleaved  in  the  direction  of  orthite  or  potash -feldspar. 
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tenth  of  an  inch  to  half-^n-inch,  in  diameter.  This 
lava,  although  at  first  sight  appearing  eminently  por- 
phyritic,  cannot  properly  be  considered  so,  for  the 
crystals  have  evidently  been  enveloped,  rounded,  and 
penetrated  by  the  lava,  like  fragments  of  foreign  rock 
in  a  trap-dike.  This  was  very  clear  in  some  specimens 
of  a  similar  lava,  from  Abingdon  Island,  in  which  the 
only  difference  was,  that  the  vesicles  were  spherical  and 
more  numerous.  The  albite  in  these  lavas  is  in  a 
similar  condition  with  the  leucite  of  Vesuvius,  and  with 
the  olivine,  described  by  Von  Buch,*  as  projecting  in 
great  balls  from  the  basalt  of  Lanzarote.  Besides  the 
albite,  this  lava  contains  scattered  grains  of  a  green 
mineral,  with  no  distinct  cleavage,  and  closely  resem- 
bling olivine ;  *  but  as  it  fuses  easily  into  a  green  glass, 
it  belongs  probably  to  the  augitic  family :  at  James 
Island,  however,  a  similar  lava  contained  true  olivine. 
I  obtained  specimens  from  the  actual  surface,  and  from 
a  depth  of  four  feet,  but  they  differed  in  no  respect. 
The  high  degree  of  fluidity  of  this  lava-stream  was  at 
once  evident,  from  its  smooth  and  gently  sloping  sur- 
face, from  the  manner  in  which  the  main  stream  was 
divided  by  small  inequalities  into  little  rills,  and  es- 
pecially from  the  manner  in  which  its  edges,  far  below 
its  source,  and  where  it  must  have  been  in  some  degree 
cooled,  thinned  out  to  almost  nothing;  the  actual 
margin  consisting  of  loose  fragments,  few  of  which  were 
larger  than  a  man's  head.  The  contrast  between  this 
margin,  and  the  steep  walls,  above  twenty  feet  high, 
bounding  many  of  the  basaltic  streams  at  Ascension,  is 
very  remarkable.  It  has  generally  been  supposed  that 
lavas   abounding   with   large   crystals,   and   including 

*  '  Description  des  Isles  Canaries,*  p.  29.5. 

'  Humboldt  mentions  tliat  he  mistook  a  green  augitic  mineral,  oc- 
curring in  the  volcanic  rocks  of  the  Cordillera  of  Quito,  for  olivine. 
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angular  vesicles,*  have  possessed  little  fluidity ;  but  we 
see  that  the  case  has  been  very  different  at  Albemarle 
Island.  The  degree  of  fluidity  in  different  lavas,  does 
not  seem  to  correspond  with  any  apparevi  corresponding 
amount  of  difference  in  their  composition :  at  Chatham 
Island,  some  streams,  containing  much  glassy  albite 
and  some  olivine,  are  so  rugged,  that  they  may  be  com- 
pared to  a  sea  frozen  during  a  storm ;  whilst  the  great 
stream  at  Albemarle  Island  is  almost  as  smooth  as  a 
lake  when  ruffled  by  a  breeze.  At  James  Island,  black 
basaltic  lava,  abounding  with  small  grains  of  olivine, 
presents  an  intermediate  degree  of  roughness ;  its  sur- 
face being  glossy,  and  the  detached  fragments  resem- 
bling in  a  very  singular  manner,  folds  of  drapery,  cables, 
and  pieces  of  the  bark  of  trees.^ 

Craters  of  tuff, — About  a  mile  southward  of  Banks' 
Cove,  there  is  a  fine  elliptic  crater,  alx>ut  500  feet  in 
depth,  and  three  quarters  of  a  mile  in  diameter.  Its 
bottom  is  occupied  by  a  lake  of  brine,  out  of  which 
some  little  crateriform  hills  of  tuff  rise.  The  lower 
beds  are  formed  of  compact  tuff,   appearing   like   a 

*  The  irregulap  and  angular  form  of  the  vesicles  is  probably  caused 
bj  the  unequal  yieldint^of  a  ma^s  composed,  in  almost  equal  proportion, 
of  solid  crystals  and  of  a  viscid  base.  It  certainly  seems  a  general  cir- 
cumstance, as  might  have  been  expected,  that  in  lara,  which  has 
posjiessed  a  high  degree  of  fluitlity,  cut  wdl  as  an  even-sized  grain^  the 
vesicles  are  internally  smooth  and  spherical. 

•  A  specimen  of  basaltic  lava,  with  a  few  small  broken  crystals  of 
albite,  given  me  by  one  of  the  officers,  is  perhaps  worthy  of  description. 
It  consists  of  cylindrical  ramifications,  some  of  which  are  only  the 
twentieth  of  an  inch  in  diameter,  and  are  drawn  out  into  the  shHrpest 
points.  The  mass  has  not  been  formed  like  a  stalactite,  for  the  points 
terminate  both  upwards  and  downwards.  Globules,  only  the  fortieth  of 
an  inch  in  diameter,  have  dropped  from  some  of  the  points,  and  adhere 
to  the  adjoining  branches.  The  lava  is  A-esicular,  but  the  vesicles  never 
reach  the  surface  of  the  branches,  which  are  smooth  and  glossy.  As  it 
is  generally  supposed  that  vesicles  are  always  elongated  in  the  direction 
of  the  movement  of  the  fluid  mass,  I  may  observe,  that  in  these  cylin- 
drical branches,  which  vary  from  a  quarter  to  only  the  twentieth  of  an 
inch  in  diameter,  every  air-cell  is  spherical. 
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subaqueous  deposit ;  whilst  the  upper  beds,  round  the 
entire  circumference,  consist  of  a  harsh,  friable  tuff, 
of  little  specific  gravity,  but  often  containing  fragments 
of  rock  in  layers.  This  upper  tuff  contains  niunerous 
pisolitic  balls,  about  the  size  of  small  bullets,  which 
differ  from  the  surrounding  matter,  only  in  being 
slightly  harder  and  finer  grained.  The  beds  dip  away 
very  regularly  on  all  sides,  at  angles  varying,  as  I 
found  by  measurement,  from  25  to  30  degrees.  The 
external  surface  of  the  crater  slopes  at  a  nearly  similar 
inclination;  and  is  formed  by  slightly  convex  ribs, 
like  those  on  the  shell  of  a  pecten  or  scallop,  which 
become  broader  as  they  extend  from  the  mouth  of  the 
crater  to  its  base.  These  ribs  are  generally  from  eight 
to  twenty  feet  in  breadth,  but  sometimes  they  are  as 
much  as  forty  feet  broad ;  and  tliey  resemble  old, 
plastered,  much  flattened  vaults,  with  the  plaster 
scaling  off  in  plates :  they  are  separated  from  each 
other  by  gullies,  deepened  by  alluvial  action.  At  their 
upper  and  narrow  ends,  near  the  mouth  of  the  crater, 
these  ribs  often  consist  of  real  hollow  passages,  like, 
but  ratlier  smaller  than,  those  often  formed  bv  the 
cooling  of  the  crust  of  a  lava-stream,  whilst  the  inner 
parts  have  flowed  onward  ; — of  which  structure  I  saw 
many  examples  at  Chatham  Island.  There  can  be  no 
doubt  but  that  these  hollow  ribs  or  vaults  have  been 
formed  in  a  similar  manner,  namel}',  by  the  setting 
or  hardening  of  a  superficial  crust  on  streams  of  mud, 
which  have  flowed  down  from  the  upper  part  of  the 
crater.  In  another  part  of  this  same  crater,  I  saw 
open  concave  gutters  between  one  and  two  feet  wide, 
which  appear  to  have  been  formed  by  the  hardening 
of  the  lower  surface  of  a  mud-stream,  instead  of, 
as  in  the  former  case,  of  the  upper  surface.  From 
these  i-dci^  I  think  it  is  certain  that  the  tuff  must  have 
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flowed  as  mud.^  This  mud  may  have  been  formed 
either  within  the  crater,  or  from  ashes  deposited  on 
its  upper  parts,  and  afterwards  washed  down  by  torrents 
of  rain.  The  former  method,  in  most  of  the  cases, 
appears  the  more  probable  one  ;  at  James  Island,  how- 
ever, some  beds  of  the  friable  kind  of  tuff  extend  so 
continuously  over  an  uneven  surface,  that  probably 
they  were  formed  by  the  falling  of  showers  of  ashes. 

Within  this  same  crater,  strata  of  coarse  tuflF,  chiefly 
composed  of  fragments  of  lava,  abut,  like  a  consoli- 
dated talus,  against  the  inside  walls.  They  rise  to  a 
height  of  between  100  and  150  feet  above  the  surface 
of  the  internal  brine-lake ;  they  dip  inwards,  and  are 
inclined  at  an  angle  varying  from  30  to  36  degrees. 
They  appear  to  have  been  formed  beneath  water,  pro- 
bably at  a  period  when  the  sea  occupied  the  hollow  of 
the  crater.  I  was  surprised  to  observe  that  beds  having 
this  great  inclination  did  not,  as  far  as  they  could  be 
followed,  thicken  towards  their  lower  extremities. 

Banks'  Cove. — This  harbour  occupies  part  of  the 
interior  of  a  shattered  crater  of  tuff"  larger  than  that 
last  described.  All  the  tuff"  is  compact,  and  includes 
numerous  fragments  of  lava;  it  appears  like  a  sub- 
aqueous deposit.  The  most  remarkable  feature  in 
this  crater  is  the  great  development  of  strata  con- 
verging inwards,  as  in  the  last  case,  at  a  considerable 
inclination,  and  often  deposited  in  irregular  curved 
layers.     These  interior  converging  beds,  as  well  as  the 

^  This  conclusion  is  of  some  interest,  because  M.  Dufrenoy  ('  Mem. 
pour  sernr,'  torn.  ir.  p.  274)  has  argiied  from  strata  of  tuif,  apparently 
of  similar  composition  with  that  here  describeil,  being  inclined  at 
angles  between  18°  and  20^  that  Monto  Nuevo  and  some  otlier  craters 
of  Southern  Italy  have  been  formed  by  upheaval.  From  the  facts 
giren  above,  of  the  vaulted  character  of  the  separate  rills,  and  from  the 
tuff  not  extending  in  horizontal  she^'ts  round  these  craterlform  hills,  no 
one  will  suppose  that  the  strat'\  have  here  been  produced  by  elevation  : 
and  yet  we  see  that  their  inclination  is  above  20°.  and  often  as  much 
as  30'.  The  consolidated  strata,  also,  of  the  internal  talus,  .-is  will  be 
immediately  se«^n,  dips  at  an  angle  of  above  30°. 
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proper,  divet^^ing,  craterifcom  Btrata,  are  represented 
in  the  aocompaoyiiig  rude,  secticoial  sketch  of  the  head- 
No.  13. 


lands,  forming  this  Cove,  The  internal  and  external 
strata  differ  little  in  composition,  and  the  former  have 
evidently  resulted  from  the  wear  and  tear,  and  re- 
deposition  of  the  matter  forming  the  external  crateriform 
strata.  From  the  great  development  of  these  inner 
beds,  a  person  walking  round  the  rim  of  this  crater 
might  fancy  himself  on  a  circular  anti-clinal  ridge 
of  stratified  sandstone  and  conglomerate.  The  sea  is 
wearing  away  the  inner  and  outer  strata,  and  especially 
the  latter  ;  so  that  the  inwardly  converging  strata  will, 
perhaps,  in  some  future  age,  be  left  standing  alone — a 
case  which  might  at  first  perplex  a  geologint.' 

Jaues  Island. — Two  craters  of  tuflf  on  this  island 
are  the  only  remaining  ones  which  require  any  notice. 
One  of  them  lies  a  mile  and  a-half  inland  from  Puerto 

I  I  lielievo  thnt.  thia  csuf  nctnallj  orenrs  in  (he  Aiores.  where  Dr. 
Web8ter('De»<Tiption,'p.  185)hasdeBcrilicd«b»*iii-ffirmmi.littl8i»ljiinl, 
coBlpoaod  aS  tireta  nf  /a/T.  dipping  inwanls  Bnd  bounded  oitenmllv  liy 
■teep  eea-voni  clifl^.  I>r.  Daubeny  auppascii  (on  VoIchiiob.  p.  3SG). 
that  this  tnvity  most  have  besn  formed  by  a  circnlar  subsidencp. 
It  appears  to  me  far  more  probable,  that  ws  hen"  hive  Mnila  which 
were  originaUy  deposited  witbin  the  hollosr  of  a  crater,  of  vhich  the 
cxteiior  walls  hare  linca  been  remoTed  by  the  sea. 
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Grande :  it  is  circular,  about  the  third  of  a  mile  in 
diameter,  and  400  feet  in  depth.  It  differs  from  all 
the  other  tuflT-craters  which  I  examined,  in  having  the 
lower  party  of  its  cavity,  to  the  height  of  between  100 
and  150  feet,  formed  by  a  precipitous  wall  of  basalt, 
giving  to  the  crater  the  appearance  of  having  burst 
through  a  solid  sheet  of  rock.  The  upper  part  of  this 
crater  consists  of  strata  of  the  altered  tuff,  with  a 
semi-resinous  fracture.  Its  bottom  is  occupied  by  a 
shallow  lake  of  brine,  covering  layers  of  salt,  which 
rest  on  deep  black  mud.  The  other  crater  lies  at  the 
distance  of  a  few  niiles,  and  is  only  remarkable  from 
its  size  and  perfect  condition.  Its  summit  is  1,200 
feet  above  the  level  of  the  sea,  and  the  interior  hollow 
is  600  feet  deep.  Its  external  sloping  surface  presented 
a  curious  appearance  from  the  smoothness  of  the  wide 
layers  of  tuff,  which  resembled  a  vast  plastered  floor. 
Brattle  Island  is,  I  believe,  the  largest  crater  in  the 
Archipelago  composed  of  tuff;  its  interior  diameter 
is  nearly  a  nautical  mile.  At  present  it  is  in  a  ruined 
condition,  consisting  of  little  more  than  half  a  circle 
open  to  the  south ;  its  great  size  is  probably  due,  in 
part,  to  internal  degradation,  from  the  action  of  the  sea. 
Segment  of  a  small  basaltic  crater. — One  side  of 
Fresh -water  Bay,  in  James  Island,  is  bounded  by  a 
promontory,  which  forms  the  last  wreck  of  a  great 
crater.  On  the  head  of  this  promontory,  a  quadrant- 
shaped  segment  of  a  small  subordinate  point  of 
eruption  stands  exposed.  It  consists  of  nine  separate 
little  streams  of  lava  piled  upon  each  other;  and 
of  an  irregular  pinnacle,  about  fifteen  feet  high,  of 
reddish-brown,  vesicular  basalt,  abounding  with  large 
crystals  of  glassy  albite,  and  with  fused  augite. 
This  pinnacle,  and  some  adjoining  paps  of  rock  on 
the  beach,   represent    the    axis    of   the  crater.     The 
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Btreams  of  lava  can  be  followed  up  a  little  ravine,  at 
right  anglett  to  tbe  coast,  for  between  ten  and  fifteen 
yards,  where  they  are  bidden  by  detritus :  along  the 
beach  they  are  visible  for  nearly  eighty  yards,  and  I 
do  not  believe  that  they  extend  much  farther.  The 
three  lower  streams  are  nnited  to  the  pinnacle ;  and  at 
tbe  point  of  junction  (as  is  shown  in  the  accompanying 
rude  sketch  meuie  on  tbe  spot),  they  are  slightly  arched. 
No.  14. 


SfBio  nt  Of  fl  T«ry  *ra»    oc  flc«  or  nopOon  on  the  btach  of  Frrab  watc  Bny 

as  if  in  tbe  act  of  flowing  o  er  the  lip  of  the  crater 
Tbe  SIX  upper  streams  no  doubt  were  orig  nallv  united 
to  this  i,ame  column  before  it  wis  worn  down  by  the 
sen  The  lava  of  these  streims  is  of  similar  com 
po'fition  with  that  of  the  pinnacle  excepting  that  the 
crystils  of  albite  ippenr  to  be  more  comm  niited  and 
tbe  gruna  of  fnsed  dugite  ire  absent  Fich  htream 
IB  separated  from  the  one  alxne  it  by  i  few  inches  or 
at  mo«t  by  one  or  two  feet  in  thickness  of  loose  frag 
mentary  scorite,  apparently  derived  from  the  al  ration 
of  the  streams  in  passing  over  each  other.  All  these 
streams  are  very  remarkable  from  their  thinness.  I 
carefully  measured  several  of  them;  one  iras  eight  inches 
thick,  but  was  firmly  coated  with  three  inches  above, 
and  three  inches  below,  of  red  ecoriaceous  rock  {which 
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is  the  case  with  all  the  streams),  making  altogether  a 
thickness  of  fomteen  inches :  this  thickness  was  pre- 
served quite  uniformly  along  the  entire  length  of  the 
section.  A  second  stream  was  only  eight  inches  thick, 
including  both  the  upper  and  lower  scoriaceous  surfaces. 
Until  examining  this  section,  I  had  not  thought  it 
possible  that  lava  could  have  flowed  in  such  uniformly 
thin  sheets  over  a  surface  far  from  smooth.  These 
little  streams  closely  resemble  in  composition  that 
great  deluge  of  lava  at  Albemarle  Island,  which  like- 
wise must  have  possessed  a  high  degree  of  fluidity. 

PsevxHo-^xtrarieima,  ejected  fragments. — In  the 
lava  and  in  the  scoriae  of  this  little  crater,  I  found 
several  fragments,  which,  from  their  angular  form, 
their  granular  structure,  their  freedom  from  air-cells, 
their  brittle  and  burnt  condition,  closely  resembled 
those  fragments  of  primary  rocks  which  are  occasionally 
ejected,  as  at  Ascension,  from  volcanos.  These  frag- 
ments consist  of  glassy  albite,  much  mackled,  and  with 
very  imperfect  cleavages,  mingled  with  semi-rounded 
grains,  having  tarnished,  glossy  surfaces,  of  a  steel-blue 
mineral.  The  crystals  of  albite  are  coated  by  a  red 
oxide  of  iron,  appearing  like  a  residual  substance ;  and 
their  cleavage-planes  also  are  sometimes  separated  by 
excessively  fine  layers  of  this  oxide,  giving  to  the 
crystals  the  appearance  of  being  ruled  like  a  glass 
micrometer.  There  was  no  quartz.  The  steel-blue 
mineral,  which  is  abundant  in  the  pinnacle,  but  which 
disappears  in  the  streams  derived  from  the  pinnacle, 
has  a  fused  appearance,  and  rarely  presents  even  a 
trace  of  cleavage ;  I  obtained,  however,  one  measiu-e- 
ment,  which  proved  that  it  was  augite;  and  in  one 
other  fragment,  which  differed  from  the  others,  in 
being  slightly  cellular,  and  in  giadually  blending  into 
the  surrounding  matrix  the  small  grains  of  this  mineral 
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were  tolerably  well  crystallised.  Although  there  is  so 
wide  a  difiference  in  appearance  between  the  lava  of 
the  little  streams,  and  especially  of  their  red  scoriaceous 
crusts,  and  one  of  these  angular  ejected  fragments, 
which  at  first  sight  might  readily  be  mistaken  for 
syenite,  yet  I  believe  that  the  lava  has  originated  from 
the  melting  and  movement  of  a  mass  of  rock  of  abso- 
lutely similar  composition  with  the  fragments.  Besides 
the  specimen  above  alluded  to,  in  which  we  see  a 
fragment  becoming  slightly  cellular,  and  blending  into 
the  surrounding  matrix,  some  of  the  grains  of  the  steel- 
blue  augite  also  have  their  surfaces  becoming  very 
finely  vesicular,  and  passing  into  the  nature  of  the 
surrounding  paste  ;  other  grains  are  throughout,  in  an 
intermediate  condition.  The  paste  seems  to  consist 
of  the  augite  more  perfectly  fused,  or,  more  probably, 
merely  disturbed  in  its  softened  state  by  the  movement 
of  the  mass,  and  mingled  with  the  oxide  of  iron  and 
with  finely  comminuted,  glassy  albite.  Hence  pro- 
bably it  is  that  the  fused  albite,  which  is  abundant 
in  the  pinnacle,  disappears  in  the  streams.  The  albite 
is  in  exactly  the  same  state,  with  the  exception  of 
most  of  the  crystals  being  smaller  in  the  lava  and  in 
the  embedded  fragments ;  but  in  the  fragments  they 
appear  to  be  less  abundant:  this,  however,  would 
naturally  happen  from  the  intumescence  of  the  augitic 
base,  and  its  consequent  apparent  increase  in  bulk.  It 
is  interesting  thus  to  trace  the  steps  by  which  a  com- 
pact granular  rock  becomes  converted  into  a  vesicular, 
pseudo-porphyritic  lava,  and  finally  into  red  scoria?. 
The  structure  and  composition  of  tlie  embedded  frag- 
ments show  that  they  are  parts  either  of  a  mass  of 
primary  rock  which  has  undergone  considerable  change 
from  volcanic  action,  or  more  probably  of  the  crust  of 
a  body  of  cooled  and  crystallised  lava,  which  has  after- 
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wards  been  broken  up  and  re-liquefied ;  the  crust  being 
less  acted  on  by  the  renewed  heat  and  movement. 

Concluding  remarks  on  the  tuff-cratera. — These 
craters,  from  the  peculiarity  of  the  resin-like  substance 
which  enters  largely  into  their  composition,  from  their 
structure,  their  size  and  number,  present  the  most  strik- 
ing feature  in  the  geology  of  this  Archipelago.  The 
majority  of  them  form  either  separate  islets,  or  promon- 
tories attached  to  the  larger  islands  \  and  those  which 
now  stand  at  some  little  distance  from  the  coast  are 
worn  and  breached,  as  if  by  the  action  of  the  sea. 
From  this  general  circumstance  of  their  position,  and 
from  the  small  quantity  of  ejected  ashes  in  any  part 
of  the  Archipelago,  I  am  led  to  conclude,  that  the  tuff 
has  been  chiefly  produced,  by  the  grinding  together  of 
fragments  of  lava  within  active  craters,  communicating 
with  the  sea.  In  the  origin  and  composition  of  the 
tuff,  and  in  the  frequent  presence  of  a  central  lake  of 
brine  and  of  layers  of  salt,  these  craters  resemble, 
though  on  a  gigantic  scale,  the  '  salses,'  or  hillocks  of 
mud,  which  are  common  in  some  parts  of  Italy  and  in 
other  countries.^  Their  closer  connection,  however,  in 
this  Archipelago,  with  ordinary  volcanic  action,  is  shown 
by  the  pools  of  solidified  basalt,  with  which  they  are 
sometimes  filled  up. 

It  at  first  appears  very  singular,  that  all  the  craters 
formed  of  tuff  have  their  southern  sides,  either  quite 
broken  down  and  wholly  removed,  or  much  lower  than 
the  other  sides.  I  saw  and  received  accounts  of  twenty- 
eiglit  of  these  craters ;  of  these,  twelve  form  separate 

*  P'Aubuisson'a  '  Traits  do  G^oimosie,'  torn.  i.  p.  189.  I  may  remark, 
that  I  8.1W  at  Terceira,  in  the  Azores,  a  crater  of  tuff  or  peperino.  very 
similar  to  these  of  the  Gabipagos  Archipelago.  From  the  dpscriplion 
given  in  Freycinet's  'Voyjige,*  eimilar  ones  occur  at  the  Sandwich 
lylonds  ;  and  probably  they  are  present  in  many  other  places. 
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islets,^  and  now  exist  as  mere  crescents  quite  open  t 

the  south,  with  occasionally  a  few  points  of  rock  marl 

ing  their  former  circumference  ;  of  the  remaining  sii 

teen,  some  form  promontories,  and  others  stand  at 

little   distance   inland  from  the  shore;    but  all,  hav 

their  southern  sides  either  the  lowest,  or  quite  broke 

down.     Two,  however,  of  the  sixteen  had  their  norther 

sides  also  low,  whilst  their  eastern  and  western  side 

were  perfect.     I  did  not  see,  or  hear  of,  a  single  es 

ception  to  the  rule,  of  these  cratei*s  being  broken  dow: 

or  low  on  the  side,  which  faces  a  point  of  the  horizo: 

between  SE.  and  SW.     This  rule  does  not  apply  t 

craters  composed  of  lava  and  scoriae.     The  explanatioi 

is   simple :    at   this    Archipelago,  the  waves  from  th< 

trade-wind,  and   the  swell  propagated  from  the  distan 

parts  of  the  open  ocean,  coincide  in  direction,  (wliicl 

is  not  the  case  in  many  parts  of  the  Pacific,)  and  witl 

their  united  forces  attack  the  southern  sides  of  all  th* 

islands;    and  consequently   the  southern   slope,    evei 

when  entirely  formed  of  hard  basaltic  rock,  is  invariably 

steeper  than  .the  northern  slope.     As  the  tuff-crater 

are  composed  of  a  soft  material,  and  as  probably  all,  o; 

nearly  all,  have  at  some   period  stood  immersed  in  th< 

sea,  we  need  not  wonder  that  they  should  invariable 

exhibit  on  their  exposed  sides  the  effects  of  this  greai 

denuding  power.     Judging  from  the  worn  condition  o: 

many  of  these  craters,  it   is  probable  that  some  hav( 

been  entirely  washed  away.     As  there  is  no   reason  tc 

suppose,  that  the  craters  formed  of  scoriae  and  lavj 


*  These  consist  of  the  three  Grossman  Islets,  the  largest  of  which  \\ 
600  foet  in  height  ;  Enchanted  Island  ;  Ganhier  Island  ( 7G0  foot  high) 
Champion  Island  (331  feet  high);  Enderby  Island;  IJraltle  Ishuid 
two  islets  near  Indefatigable  Island;  and  one  near  James  Ishiud 
A  second  cKitor  near  James  Isbind  (with  a  salt  hike  in  its  centro)  has 
its  southern  side  only  about  twenty  feet  high,  whilsc  the  other  parts  o\ 
the  circumforenco  are  about  300  feet  in  height. 
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were  erupted  whilst  standing  in  the  sea,  we  can  see 
why  the  mle  does  not  apply  to  them.  At  Ascension,  it 
was  shown  that  the  mouths  of  the  craters,  which  are 
there  all  of  terrestrial  origin,  have  been  affected  by  the 
trade  wind  ;  and  this  same  power  might  here,  also,  aid 
in  making  the  windward  and  exposed  sides  of  some  of 
the  craters  originally  the  lowest. 

Mineralogical  composition  of  the  rocks. — In  the 
northern  islands,  the  basaltic  lavas  seem  generally  to  con- 
tain more  albite  than  they  do  in  the  southern  half  of  the 
Archipelago ;  but  almost  all  the  streams  contain  some. 
The  albite  is  not  unfrequently  associated  with  olivine. 
I  did  not  observe  in  any  specimen  distinguishable, 
crystals  of  hornblende  or  augite ;  I  except  the  fused 
grains  in  the  ejected  fragments,  and  in  the  pinnacle  of 
the  little  crater,  above  described.  I  did  not  meet  with 
a  single  specimen  of  true  trachyte  ;  though  some  of  the 
paler  lavas,  when  abounding  with  large  crystals  of  the 
harsh  and  glassy  albite,  resemble  in  some  degree  this 
rock ;  but  in  every  case  the  basis  fuses  into  a  black 
enamel.  Beds  of  ashes  and  far-ejected  scoriae,  as  pre- 
viously stated,  are  almost  absent ;  nor  did  I  see  a  frag- 
ment of  obsidian  or  of  pumice.  Von  Buch  ^  believes 
that  the  absence  of  pumice  on  Mount  Etna  is  conse- 
quent on  the  feldspar  being  of  the  Labrador  variety ; 
if  the  presence  of  pumice  depends  on  the  constitution 
of  the  feldspar,  it  is  remarkable,  that  it  should  be  ab- 
sent in  this  archipelago,  and  abundant  in  the  Cordillera 
of  South  America,  in  both  of  which  regions  the  feld- 
spar is  of  the  albitic  variety.  Owing  to  the  absence  of 
ashes,  and  the  general  indecomposable  character  of  the 
lava*  in  this  Archipelago,  the  islands  are  slowly  clothed 
with  a  poor  vegetation,  and  the  scenery  has  a  desolate 
and  frightful  aspect. 

*  '  Description  des  Isles  Canaries/  p.  328. 
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Elevation  of  the  land. — Proofs  of  the  liBing  of  the 
land  are  scanty  and  imperfect.  At  Chatham  Island,  I 
noticed  some  great  blocks  of  lava,  cemented  by  cal- 
careous matter,  containing  recent  shells ;  but  they 
occurred  at  the  height  of  only  a  few  feet  above  high- 
water  mark.  One  of  the  officers  gave  me  some  firag- 
ments  of  shells,  which  he  found  embedded  several 
hundred  feet  above  the  sea,  in  the  tuff  of  two  craters, 
distant  from  each  other.  It  is  possible,  that  these 
fragments  may  have  been  carried  up  to  their  present 
height  in  an  eruption  of  mud  ;  but  as,  in  one  instance, 
they  were  associated  with  broken  oyster-shells,  almost 
forming  a  layer,  it  is  more  probable  that  the  tuff  was 
uplifted  with  the  shells  in  mass.  The  specimens  are 
so  imperfect  that  they  can  be  recognised  only  as  be- 
longing to  recent  marine  genera.  On  Charles  Island, 
I  observed  a  line  of  great  rounded  blocks,  piled  on  the 
summit  of  a  vertical  cliff,  at  the  height  of  fifteen  feet 
above  the  line,  where  the  sea  now  acts  during  the 
heaviest  gales.  This  appeared,  at  first,  good  eWdence 
in  favour  of  the  elevation  of  the  land ;  but  it  was 
quite  deceptive,  for  I  afterwards  saw  on  an  adjoining 
part  of  this  same  coast,  and  heard  from  e}'e-witnesses, 
that  wherever  a  recent  stream  of  lava  forms  a  smooth 
inclined  plane,  entering  the  sea,  the  waves  during  gales 
have  the  power  of  rolling  up  rounded  blocks  to  a  great 
height,  above  the  line  of  their  ordinary  action.  As  the 
little  cliff  in  the  foregoing  case  is  formed  by  a  stream 
of  lava,  which,  before  being  worn  back,  must  hav6  en- 
tered the  sea  with  a  gently  sloping  surface,  it  is  possible 
or  rather  it  is  probable,  that  the  rounded  boulders, 
now  lying  on  its  summit,  are  merely  the  remnant  of 
those  which  had  been  rolled  up  during  storms  to  their 
present  height. 

Direction  of  the  fissures  of  ei^ption. — The  volcanic 


CHAP.  T.  Fissures  of  Eruption.  131 

• , 

orifices  in  this  group  cannot  be  considered  as  indis- 
criminately scattered.  Three  great  craters  on  Albemarle 
Island  form  a  well  marked  line,  extending  NW.  by  N. 
and  SE.  by  S.  Narboroiigh  Island,  and  the  great  crater 
on  the  rectangular  projection  of  Albemarle  Island, 
form  a  second  parallel  line.  To  the  east,  Hood's 
Island,  and  the  islands  and  rocks  between  it  and  James 
Island,  form  another  nearly  parallel  line,  which,  when 
prolonged,  includes  Culpepper  and  Wenman  Islands, 
lying  seventy  miles  to  the  north.  The  other  islands 
lying  farther  eastward,  form  a  less  regular  fourth  line. 
Several  of  these  islands,  and  the  vents  on  Albemarle 
Island,  are  so  placed,  that  they  likewise  fall  on  a  set 
of  rudely  parallel  lines,  intersecting  the  former  lines  at 
right  angles ;  so  that  the  principal  craters  appear  to 
lie  on  the  points  where  two  sets  of  fissures  cross  each 
other.  The  islands  themselves^  with  the  exception  of 
Albemarle  Island,  are  not  elongated  in  the  same  direc- 
tion with  the  lines  on  which  they  stand.  The  direction 
of  these  islands  is  nearly  the  same  with  that  which 
prevails  in  so  remarkable  a  manner  in  the  numerous 
archipelagos  of  the  great  Pacific  Ocean  Finally,  I  may 
remark,  that  amongst  the  Galapagos  Islands  there  is  no 
one  dominant  vent  much  higher  than  all  the  others, 
as  may  be  observed  in  many  volcanic  archipelagos :  the 
highest  is  the  great  mound  on  the  south-western  ex- 
tremity of  Albemarle  Island,  which  exceeds  by  barely 
a  thousand  feet  several  other  neighbouring  craters. 
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CHAPTER  VI. 

TRACHTTB    AND   BASALT. — DISTRIBUTION   OF   VOLCANIC 

ISLSa 

The  finking  of  crystals  in  fluid  lava — Specific  gravity  of  the  constituent 
parts  of  trachyte  and  of  basalt,  and  their  consequent  separation — Obsi' 
dian — Apparent  non-separation  of  the  elements  of  plutonic  rocks — 
Origin  of  trap-dikes  in  the  plutonic  series — Distribution  of  volcanic 
islands;  their  prevalence  tw  the  great  oceans — They  are  generally 
arranged  in  linen — The  central  volcanos  of  Von  Buch  doubtful — Vol- 
canic inlands  ftordering  continents — Antiquity  of  volcanic  islands,  and 
their  elevation  in  mass — Eruptions  on  parallel  lines  of  fissure  within 
the  same  geological  period. 

On  tlie  separation  of  the  constituent  minerals  of  lava^ 
according  to  their  specific  gravities,  —  One  side  of 
Fresh-water  Bay,  in  James  Island,  is  formed  by  the 
wreck  of  a  large  crater,  mentioned  in  the  last  chapter, 
of  which  the  interior  has  been  filled  up  by  a  pool  of 
basalt,  about  200  feet  in  thickness.  This  basalt  is  of  a 
gray  colour,  and  contains  many  crystals  of  glassy  albite, 
which  become  much  more  numerous  in  the  lower^ 
scoriaceous  part.  This  is  contrary  to  what  might  have 
been  expected,  for  if  the  crystals  had  been  originally 
disseminated  in  equal  numbers,  the  greater  intumescence 
of  this  lower  scoriaceous  part  would  have  made  them 
appear  fewer  in  number.  Von  Buch  *  has  descril>ed  a 
stream  of  obsidian  on  the  peak  of  Teneriffe,  in  which 

'  '  Description  des  Isles  Canaries,'  pp.  190  and  191. 
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the  crystals  of  feldsps^  become  more  and  more  numerous, 
as  the  depth  or  thickness  increases,  so  that  near  the 
lower  surface  of  the  stream  the  lava  even  resembles  a 
primary  rock.  Von  Buch  further  states,  that  M.  Dree, 
in  his  experiments  in  melting  lava,  found  that  the 
crystals  of  feldspar  always  tended  to  precipitate  them- 
selves to  the  bottom  of  the  crucible.  In  these  cases,  I 
presume  there  can  be  no  doubt  *  that  the  crystals  sink 
from  their  weight.  The  specific  gravity  of  feldspar 
varies  *  from  2*4  to  2*58,  whilst  obsidian  seems  com- 
monly to  be  from  2*3  to  2*4 ;  and  in  a  fluidified  state 
its  specific  gravity  would  probably  be  less,  which  would 
facilitate  the  sinking  of  the  crystals  of  feldspar.  At 
James  Island,  the  crystals  of  albite,  although  no  doubt 
of  less  weight  than  the  gray  basalt,  in  the  parts  where 
compact,  might  easily  be  of  greater  specific  gravity 
than  the  scoriaceous  mass,  formed  of  melted  lava  and 
bubbles  of  heated  gas. 

The  sinking  of  crystals  through  a  viscid  substance 
like  molten  rock,  as  is  unequivocally  shown  to  have 
been 'the  case  in  the  experiments  of  M.  Dree,  is  worthy 
of  further  consideration,  as  throwing  light  on  the  sepa- 
ration of  the  trachytic  and  basaltic  series  of  lavas. 
Mr.  P.  Scrope  has  speculated  on  this  subject ;  but  he 

*  In  a  mass  of  molten  iron,  it  is  found  ('  Edinburgh  New  Philoso- 
phical Jonmal,'  toI.  xxiv.  p.  66)  that  the  substances,  which  have  a 
closer  affinity  for  oxygen  than  iron  has,  rise  firom  the  interior  of  the 
mass  to  th«  surface.  But  a  similar  cause  can  hardly  apply  to  the  sepa- 
ration of  the  crystals  of  these  lava  streams.  The  cooling  of  the  surface 
of  lava  seems,  in  some  cases,  to  have  affected  its  composition ;  for 
Duff enoy  ('Mem. pour  sf-rvir,'  tom.  iv.  p.  271)  found  that  the  interior 
parts  of  a  stream  near  Naples  contained  two-thirds  of  a  mineral  which 
was  acted  on  by  acids,  whilst  the  surface  consisted  chiefly  of  a  mineral 
unattackable  by  acids. 

'  I  have  taken  the  specific  gravities  of  the  simple  minerals  from  Von 
Kobell,  one  of  the  Lit«'st  and  best  authorities,  and  of  the  rocks  from 
various  authorities.  Obsidian,  according  to  Phillips,  is  2-35 ;  and 
Jameson  says  it  never  exceeds  2*4;  but  a  specimen  from  Ascension, 
weighed  by  myself,  .was  2*42. 
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does  not  seem  to  have  been  aware  of  any  positive  facts, 
such  as  those  above  given  ;  and  he  has  overlooked  one 
very  necessary   element,  as  it  appears  to  me,  in  the 
phenomenon — namely,    the    existence   of    either    the 
lighter  or  heavier  mineral  in  globules  or  in  crystals. 
In  a  substance  of  imperfect  fluidity,  like  molten  rock, 
it  is  hardly  credible,  that  the  separate,  infinitely  small 
atoms,  whether  of  feldspar,  augite,  or  of  any   other 
mineral,  would  have  power  from  their  slightly  different 
gravities    to   overcome  the   friction   caused   by   their 
movement ;  but   if  the   atoms    of  any   one   of  these 
minerals   became,   whilst    the   others  remained   fluid, 
united  into  crystals  or  granules,  it  is  easy  to  perceive  that 
from  the  lessened  friction,  their  sinking  or  floating  power 
would  be  greatly  increased.      On  the  other  hand,  if  all 
the  minerals  became  granulated  at  the  same  time,  it  is 
scarcely  possible,  from  their  mutual  resistance,  that  any 
separation  could  take  place.     A  valuable,  practical  dis- 
covery, illustrating  the  effect  of  the  granulation  of  one 
element  in  a  fluid  mass,  in  aiding  its  separation,  has 
lately  been  made  :  when  lead  containing  a  small  pro- 
portion of  silver,  is  constantly  stirred  whilst  cooling,  it 
becomes  granulated,  and  the  grains  or  imperfect  crystals 
of  nearly   pure   lead   sink  to  the    bottom,   leaving  a 
residue  of  melted  metal  much  richer  in  silver ;  whereas 
if  the  mixture  be  left  undisturbed,  although  kept  fluid 
for  a  length  of  time,  the  two  metals  show   no  signs  of 
separating.*     The  sole  use  of  the  stirring  seems  to  be, 


*  A  full  and  interesting  account  of  this  discover}',  by  Mr.  Pattinson. 
"WAS  rertd  before  the  British  Association  in  September,  1838.  In  some 
alloys,  according  to  Turner  (•Chemistry/  p.  210),  the  heaviast  metal 
«inks,  and  it  appears  that  this  takes  place  wliilst  both  metiils  are  fluid. 
Where  there  is  a  considerable  diiferenco  in  gravity,  as  between  iron 
and  the  slag  formed  during  the  fusion  of  the  ore.  we  need  not  be  sur- 
prised at  the  atoms  separating,  without  either  substance  being  granu- 
lated. 


CHAP.  T I.  TracJiyte  and  Basalt,  135 

the  formation  of  detached  granules.  The  specific 
gravity  of  silver  is  10'4,  and  of  lead  11*35  :  the  granu- 
lated lead,  which  sinks,  is  never  absolutely  pure,  and 
the  residual  fluid  metal  contains,  when  richest,  only 
Y^  part  of  silver.  As  the  difference  in  specific  gravity, 
caused  by  the  different  proportions  of  the  two  metals, 
is  so  exceedingly  small,  the  separation  is  probably  aided 
in  a  great  degree  by  the  difference  in  gravity  between 
the  lead,  when  granular  though  still  hot,  and  when 
fluid. 

In  a  body  of  liquefied  volcanic  rock,  left  for  some 
time  without  any  violent  disturbance,  we  might  expect, 
in  accordance  with  the  above  facts,  that  if  one  of  the 
constituent  minerals  became  aggregated  into  crystals 
or  granules,  or  had  been  enveloped  in  this  state  from 
some  previously  existing  mass,  such  crystals  or  granules 
would  rise  or  sink,  according  to  their  specific  gravity. 
Now  we  have  plain  evidence  of  crystals  being  embedded 
in  many  lavas,  whilst  the  paste  or  basis  has  continued 
fluid.  I  need  only  refer,  as  instances,  to  the  several, 
great,  pseudo-porphyritic  streams  at  the  Galapagos 
Islands,  and  to  the  trachytic  streams  in  many  parts  of 
the  world,  in  which  we  find  crystals  of  feldspar  bent 
and  broken  by  the  movement  of  the  surrounding,  semi- 
fluid matter.*  Lavas  are  chiefly  composed  of  three 
varieties  of  feldspar,  varying  in  specific  gravity  from 
2*4  to  2*74 :  of  hornblende  and  augite,  varying  from  3*0 
to  3*4 ;  of  olivine,  varying  from  3*3  to  3*4 ;  and  lastly, 
of  oxides  of  iron,  with  specific  gravities  from  4*8  to  5*2. 
Hence  crystals  of  feldspar,  enveloped  in  a  mass  of 
liquefied,  but  not  highly  vesicular  lava,  would  tend  to 
rise  to  the  upper  parts ;  and  crystals  or  granules  of  the 
other  minerals,  thus  enveloped,  would  tend  to  sink. 
We  ought  not,  however,  to  expect  any  perfect  degree 
of    separation  in   such   viscid    materials.      Trachyte, 


^ 
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which  consists  chiefly  of  feldspar,  with  some  hornblende 
and  oxide  of  iron,  has  a  specific  gravity  of  about  2*45 ;  * 
whilst  basalt  composed  chiefly  of  augite  and  feldspar, 
often  with  much  iron  and  olivine,  has  a  gravity  of  about 
3-0.  Accordingly  we  find,  that  where  both  trachytic 
and  basaltic  streams  have  proceeded  from  the  same 
orifice,  the  trachytic  streams  have  generally  been  first 
erupted,  owing,  as  we  must  suppose,  to  the  molten  lava  of 
this  series  having  accumulated  in  the  upper  parts  of 
the  volcanic  focus.  This  order  of  eruption -has  been 
observed  by  Beudant,  Scrope,  and  by  other  authors; 
three  instances,  also,  have  been  given  in  this  volume, 
As  the  later  eruptions,  however,  from  most  volcanic 
mountains,  burst  through  their  basal  parts,  owing  to 
the  increased  height  and  weight  of  the  internal  column 
of  molten  rock,  we  see  why,  in  most  cases,  only  the 
lower  flanks  of  the  central,  trachytic  masses,  are  en- 
veloped by  basaltic  streams.  The  separation  of  the 
ingredients  of  a  mass  of  lava  would,  perhaps,  sometimes 
take  place  within  the  body  of  a  volcanic  mountain,  if 
lofty  and  of  great  dimensions,  instead  of  within  the 
underground  focus ;  in  which  case,  trachytic  streams 
might  be  poured  forth,  almost  contempomneously,  or 
at  short  recurrent  intervals,  from  its  summit,  and 
basaltic  streams  from  its  base :  this  seems'to  have  taken 
place  at  Teneriffe.'*  I  need  only  further  remark,  that 
from  violent  disturbances  the  separation  of  the  two 
series,  even  under  otherwise  favourable  conditions, 
would  naturally  often  be  prevented,  and  likewise  their 


*  Trachyte  from  Java,  was  found  by  Von  Biich  to  be  247  ;  from 
Auver^e,  by  Do  la  Beche.  it  wafl  2*42  ;  from  Ascension,  by  mYs»"lf,  it 
was  2*42.  Jameson  and  other  authors  give  to  basalt  a  specitic  pravity 
of  3'0 :  but  spe?impn8  from  Auverffne  were  found,  by  De  la  Beche,  to 
be  only  2-78  ;  and  from  the  Giant's  Causeway,  to  be  i2-91. 

-  Consult  Von  Bueh's  well-known  and  admirable  Description  Pk?/- 
sique  of  this  island,  which  might  serve  as  a  model  of  descriptive  geology. 
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usual  order  of  eruption  be  inverted.  From  the  high 
degree  of  fluidity  of  most  basaltic  lavas,  these  perhaps, 
alone,  would  in  many  cases  reach  the  surface. 

As  we,  have  seen  that  crystals  of  feldspar,  in  the 
instance  described  by  Von  Buch,  sink  in  obsidian,  in 
accordance  with  their  known  greater  specific  gravity, 
we  might  expect  to  find  in  every  trachytic  district, 
where  obsidian  has  flowed  as  lava,  that  it  had  proceeded 
from  the  upper  or  highest  orifices.  This,  according  to 
Yon  Buch,  holds  good  in  a  remarkable  manner  both  at 
the  Lipari  Islands  and  on  the  Peak  of  Tenerifle ;  at 
this  latter  place  obsidian  has  never  flowed  from  a  less 
height  than  9,200  feet.  Obsidian,  also,  appears  to  have 
been  erupted  from  the  loftiest  peaks  of  the  Peruvian 
Cordillera.  I  will  only  further  observe,  that  the  specific 
gravity  of  quartz  varies  from  2'6  to  2*8  ;  and  therefore, 
that  when  present  in  a  volcanic  focus,  it  would  not  tend 
to  sink  with  the  basaltic  bases ;  and  this,  perhaps, 
explains  the  frequent  presence,  and  the  abundance  of 
this  mineral,  in  the  lavas  of  the  trachytic  series,  as 
observed  in  previous  parts  of  this  volume. 

An  objection  to  the  foregoing  theory,  will,  perhaps, 
be  drawn,  from  the  plutonic  rocks  not  being  separated 
into  two  evidently  distinct  series,  of  different  specific 
gravities ;  although,  like  the  volcanic,  they  have  been 
liquefied.  In  answer,  it  may  first  be  remarked,  that 
we  have  no  evidence  of  the  atoms  of  any  one  of  the 
constituent  minerals  in  the  plutonic  series  having  been 
aggregated,  whilst  the  others  remained  fluid,  which  we 
have  endeavoured  to  show  is  an  almost  necessary  con- 
dition of  their  separation  ;  on  the  contrary,  the  crystals 
have  generally  impressed  each  other  with  their  forms.^ 

*  The  crystalline  paste  of  phonolite  is  frequently  penetrated  by  long 
needles  of  hornblende ;  from  which  it  appears,  that  the  hornblende, 
thoingh  the  more  fusible  mineral,  has  crystallised  before,  or  at  the 
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In  the  second  place,  the  perfect  tranquillity,  under 
which  it  is  probable  that  the  plutonic  masses,  buried  at 
profound  depths,  have  cooled,  would,  most  likely,  be 
highly  unfavourable  to  the  sepaiation  of  their  consti- 
tuent minerals ;  for,  if  the  attractive  force,  which  during 
the  progressive  cooling  draws  together  the  molecules  of 
the  diflFerent  minerals,  has  power  suflBcient  to  keep 
them  together,  the  friction  between  such  half-formed 
crystals  or  pasty  globules  would  effectually  prevent  the 
heavier  ones  from  sinking,  or  the  lighter  ones  from 
rising.  On  the  other  hand,  a  small  amount  of  disturb- 
ance, which  would  probably  occur  in  most  volcanic 
foci,  and  which  we  have  seen  does  not  prevent  the 
separation  of  granules  of  lead  from  a  mixture  of  molten 
lead  and  silver,*  or  crystals  of  feldspar  from  streams  of 
lava,  by  breaking  and  dissolving  the  less  perfectly 
formed  globules,  would  permit  the  more  perfect  and 
therefore  unbroken  crystals,  to  sink  or  rise,  according 
to  their  specific  gravity. 

Although  in  plutonic  rocks  two  distinct  species, 
corresponding  to  the  trachytic  and  basaltic  series,  do 
not  exist,  I  much  suspect,  that  a  certain  amount  of 
separation  of  their  constituent  parts  has  often  taken 
place.  I  suspect  this  from  having  observed  how  fre- 
quently dikes  of  greenstone  and  basalt  intersect  widely 


same  time  with,  a  more  refractory  suhstanco.  Phonolite.  as  far  as  mv 
obfservations  serve,  in  every  instance  appears  to  be  an  injected  rock, 
like  those  of  the  plutonic  series ;  hence  probably,  like  these  latter,  it 
has  generally  been  cooled  without  repeated  and  violent  disturbances. 
Those  geologists  who  have  doubted  whether  granite  could  have  been 
formed  by  iurneous  liquefaction,  because  minerals  of  different  degrees  of 
fusibility  impress  each  other  with  their  forms,  could  not  have  been 
aware  of  the  fact  of  crystallised  hornblende  p'^netratinc:  phonolite,  a 
rock  undoubtedly  of  igneous  origin.  The  viscidity,  which  it  is  now 
known,  that  both  feldspar  and  quartz  retain  at  a  tempeniture  much 
below  their  points  of  fusion,  easily  explains  their  mutual  impressment. 
Consult  on  this  subject  Mr.  Homer's  paper  on  Bonn,  •  Geolog.  Transact.* 
vol.  iv.  p.  439;  and  '  L'Institut,'  with  respect  to  quartz,  1839,  p.  161. 
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extended  formations  of  granite  and  the  allied  meta- 
morphic  rocks.  I  have  never  examined  a  district  in 
an  extensive  granitic  region  without  discovering  dikes  ; 
I  may  instance  the  numerous  trap-dikes,  in  several 
districts  of  Brazil,  Chile,  and  Australia,  and  at  the  Cape 
of  Good  Hope :  many  dikes  likewise  occur  in  the  great 
granitic  tracts  of  India,  in  the  north  of  Europe,  and  in 
other  countries.  Whence,  then,  has  the  greenstone 
and  basalt,  forming  these  dikes,  come  ?  Are  we  to 
suppose,  like  some  of  the  elder  geologists,  that  a  zone 
of  trap  is  uniformly  spread  out  beneath  the  granitic 
series,  which  composes,  as  far  as  we  know,  the  founda- 
tions of  the  earth's  crust  ?  Is  it  not  more  probable,  that 
these  dikes  have  been  formed  by  fissures  penetrating 
into  partially  cooled  rocks  of  the  granitic  and  meta- 
morphic  series,  and  by  their  more  fluid  parts,  consisting 
chiefly  of  hornblende,  oozing  out,  and  being  sucked 
into  such  fissures  ?  At  Bahia,  in  Brazil,  in  a  district 
composed  of  gneiss  and  primitive  greenstone,  I  saw 
many  dikes,  of  a  dark  augitic  (for  one  crystal  certainly 
was  of  this  mineral)  or  hornblendic  rock,  which,  as 
several  appearances  clearly  proved,  either  had  been 
formed  before  the  surrounding  mass  had  become  solid, 
or  had  together  with  it  been  afterwards  thoroughly 
softened.^  On  both  sides  of  one  of  these  dikes,  the 
gneiss  was  penetrated,  to  the  distance  of  several  yards, 
by  numerous,  curvilinear  threads  or  streaks  of  dark 
matter,  which  resembled  in  form  clouds  of  the  class 
called  cirrhi-comae  ;  some  few  of  these  threads  could  be 
traced  to  their  junction  with  the  dike.     When  examin- 

'  Portions  of  these  dikes  have  been  broken  off,  and  are  now  sur- 
ronnded  by  the  primary  rocks,  with  their  lamina  conformably  winding 
round  them.  Dr.  Hubbard,  also  ('Silliman's  Journal,*  vol.  xxxiv.  p. 
119),  has  described  an  interlacement  of  trap-veins  in  the  granite  of  the 
White  Monntains,  which  he  thinks  must  have  been  formed  when  both 
rocks  were  soft 
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ing  tbem,  I  doabted  whether  such  hair-like  and  curvili- 
near veins  could  have  been  injected,  and  I  now  suspect, 
that  instead  of  having  been  injected  from  the  dike, 
they  were  its  feeders.  If  the  foregoing  view  of  the 
origin  of  trap-dikes  in  widely  extended  granitic  r^ons 
&r  from  rocks  of  any  other  formation,  be  admitted  as 
probable,  we  may  further  admit,  in  the  case  of  a  great 
body  of  plutonic  rock,  being  impelled  by  repeated 
movements  into  the  axis  of  a  mountain-chain,  that  its 
more  liquid  constituent  parts  might  drain  into  deep 
and  unseen  abysses ;  afterwards,  perhaps,  to  be  brought 
to  the  sur£Eu;e  under  the  form,  either  of  injected  masses 
of  greenstone  and  augitic  porphyry,*  or  of  basaltic 
eruptions.  Much  of  the  difficulty  which  geologists 
have  experienced,  when  they  have  compared  the  com- 
position of  volcanic  with  plutonic  formations,  will,  I 
think,  be  removed,  if  we  may  believe,  that  most  plutonic 
masses  have  been,  to  a  certain  extent,  drained  of  those 
comparatively  weighty  and  easily  liquefied  elements, 
which  compose  the  trappean  and  basaltic  series  of  rocks. 
On  the  dietribution  of  volcanic  islands. — Durii^g 
my  investigations  on  coral-reefs,  I  had  occasion  to 
consult  the  works  of  many  voyagers,  and  I  was  invari- 
ably struck  with  the  feet,  that  with  rare  exceptions,  the 
innumerable  islands  scattered  throughout  tlie  Pacific, 
Indian,  and  Atlantic  Oceans,  were  composed  either  of 


*  Mr.  Phillips  (' Lardner's  Cyclopaedia,'  rol.  ii.  p.  115)  quotes  Von 
Buch's  sbitoment',  thut  augitic  porphyry  ranges  parallel  to,  and  is 
found  constantly  at  the  baso  of,  great  chains  of  mountains.  IIuml>oldt, 
also,  has  remarked  the  frequent  occurrence  of  trap-rock,  in  a  similar 
posiiion  ;  of  which  fact  I  have  observed  many  examples  at  the  foot  of 
the  Chilian  Cordillera.  The  exist^'nce  of  granite  in  the  axes  of  great 
mountain  chains  is  always  probable,  atid  I  am  tempted  to  suppose, 
that  the  laterally  injected  masses  of  augitic  porphyry  and  of  trap,  bear 
nearly  the  same  relation  to  the  granitic  axes  which  basaltic  lavas  bear 
to  the  central  trachytic  masses,  round  the  flanks  of  which  they  have 
80  frequently  been  erupted. 
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volcanic,  or  of  modem  coral  rocks.  It  would  be  tedious 
to  give  a  long  catalogue  of  all  the  volcanic  islands ;  but 
the  exceptions  which  I  have  found  are  easily  enumer- 
ated :  in  the  Atlantic,  we  have  St.  Paul's  Bock,  de- 
scribed in  this  volume,  and  the  Falkland  Islands, 
composed  of  quartz  and  clayslate ;  but  these  latter 
islands  are  of  considerable  size,  and  lie  not  very  far 
from  the  South  American  coast  ^ ;  in  the  Indian  Ocean, 
the  Seychelles  (situated  in  a  line  prolonged  from  Mada- 
gascar) consist  of  granite  and  quartz:  in  the  Pacific 
Ocean,  New  Caledonia,  an  island  of  large  size,  belongs 
(as  fiur  as  is  known)  to  the  primary  class.  New  Zealand, 
which  contains  much  volcanic  rock  and  some  active 
volcanos,  from  its  size  cannot  be  classed  with  the  small 
islands,  which  we  are  now  considering.  The  presence 
of  a  small  quantity  of  non-volcanic  rock,  as  of  clay-slate 
on  three  of  the  Azores,^  or  of  tertiary  limestone  at 
Madeira,  or  of  clay-slate  at  Chatham  Island  in  the 
Pacific,  or  of  lignite  at  Kerguelen  Land,  ought  not  to 
exclude  such  islands  or  archipelagos,  if  formed  chiefly 
of  erupted  matter,  from  the  volcanic  class. 

The  composition  of  the  numerous  islands  scattered 
through  the  great  oceans  being  with  such  rare  excep- 
tions volcanic,  is  evidently  an  extension  of  that  law, 
and  the  effect  of  those  same  causes,  whether  chemical 
or  mechanical,  from  which  it  results,  that  a  vast  majority 
of  the  volcanos  now  in  action  stand  either  as  islands 

'  Judging  from  Forster's  imperfect  observation,  perhaps  Georgia  is 
not  volcHnic.  Dr.  Allan  is  ray  informant  with  regani  to  tlie  Seychelles. 
I  do  not  know  of  what  formation  Kodriguez,  iu  the  Indian  Ocean,  is 
composed. 

•  This  is  stated  on  the  authority  of  Count  V.  de  Bedemar,  with 
respect  to  Flores  and  Graciosa  (Charlsworth  '  Magazine  of  Nat.  Ilist.' 
ToL  i.  p.  557).  St.  Maria  has  no  volcanic  rock,  according  to  Captain 
Boyd  (Voo  Buch's  'Descript,'  p.  365).  Chatham  Island  has  been  de- 
scribed by  Dr.  Dieffenbach,  in  the  'Geographical  Journal,'  1841,  p.  201. 
As  yet  we  have  received  only  imperfect  notices  on  Kerguelen  L&nd, 
from  the  Antarctic  Expedition. 
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in  the  sea,  or  near  its  shores.  This  fact  of  the  ocean- 
islands  being  so  generally  volcanic  is  also  interesting 
in  relation  to  the  nature  of  the  mountain-chains  on 
our  continents,  wliich  are  comparatively  seldom  vol- 
canic ;  and  yet  we  are  led  to  suppose  that  where  our 
continents  now  stand  an  ocean  once  extended.  Do 
volcanic  eruptions,  we  may  ask,  reach  the  surface  more 
readily  through  fissures  formed  during  the  first  stages 
of  the  conversion  of  the  bed  of  the  ocean  into  a  tract 
of  land  ? 

Looking  at  the  charts  of  the  numerous  volcanic 
archipelagos,  we  see  that  the  islands  are  generally 
arranged  either  in  single,  double,  or  triple  rows,  in 
lines  which  are  frequently  curved  in  a  slight  degree.* 
Each  separate  island  is  either  rounded,  or  more  gene- 
rally elongated  in  the  same  direction  with  the  group 
in  which  it  stands,  but  sometimes  transversely  to  it. 
Some'  of  the  groups  which  are  not  much  elongated 
present  little  symmetry  in  their  forms;  M.  Virlet* 
states  that  this  is  the  case  with  the  Grecian  Arclii- 
pelago  :  in  such  groups  I  suspect  (for  I  am  aware  how 
easy  it  is  to  deceive  oneself  on  these  points),  that  the 
vents  are  generally  arranged  on  one  line,  or  on  a  set 
of  short  parallel  lines,  intersecting  at  nearly  right 
angles  another  line,  or  set  of  lines.  The  Gralapagoa 
Archipelago  offers  an  example  of  this  structure,  for 
most  of  the  islands  and  the  chief  orifices  on  the  largest 
island  are  so  grouped  as  to  fall  on  a  set  of  lines  ranging 
about  NW.  by  N.,  and  on  another  set  ranging  about 
WSW. :  in  the  Canary  Archipelago  we  have  a  simpler 
structure  of  the  same  kind:  in  the  Cape   de  Verde 


'  Professors  William  and  Henry  Darwin  Rogers  have  lately  insisted 
much,  in  a  memoir  read  before  the  American  Association,  on  the  regu- 
larly curved  lines  of  elevation  in  parts  of  the  Appalachian  range. 

*  *  Bulletin  de  la  Soc.  Geolog.'  torn.  iii.  p.  110. 
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group,  which  appears  to  be  the  least  symmetrical  of 
,  any  oceanic  volcanic  archipelago,  a  NW.  and  S.E. 
line  formed  by  several  islands,  if  prolonged,  would 
intersect  at  right  angles  a  curved  line,  on  which  the 
remaining  islands  are  placed. 

Von  Buch  ^  has  classed  all  volcanos  under  two  heads, 
namely,  central  volcanos^  round  which  numerous  erup- 
tions have  taken  place  on  all  sides,  in  a  manner  almost 
regular,  and  volcanic  chains.  In  the  examples  given 
of  the  first  class,  as  far  as  position  is  concerned,  I  can 
see  no  grounds  for  their  being  called  *  central ; '  and 
the  evidence  of  any  diflFerence  in  mineralogical  nature 
between  centraZ  volcanos  and  volcanic  chains  appears 
slight.  No  doubt  some  one  island  in  most  small 
volcanic  archipelagos  is  apt  to  be  considerably  higher 
than  the  others ;  in  a  similar  manner,  whatever  the 
cause  may  be,  that  on  the  same  island  one  vent  is 
generally  higher  than  all  the  others.  Von  Biich  does 
not  include  in  his  class  of  volcanic  chains  small  archi- 
pelagos, in  which  the  islands  are  admitted  by  him,  as 
at  the  Azores,  to  be  arranged  in  lines;  but  when 
newing  on  a  map  of  the  world  how  perfect  a  series 
exists  from  a  few  volcanic  islands  placed  in  a  row  to 
a  train  of  linear  archipelagos  following  each  other  in 
a  straight  line,  and  so  on  to  a  great  wall  like  the 
Cordillera  of  America,  it  is  difficult  to  believe  that 
there  exists  any  essential  difference  between  short  and 
long  volcanic  chains.  Von  Buch^  states  that  his 
volcanic  chains  surmount,  or  are  closely  connected 
with,  mountain-ranges  of  primary  formation :  but  if 
trains  of  linear  archipelagos  are,  in  the  course  of  time, 
by  the  long-continued  action  of  the  elevatoiy  and 
volcanic    forces,  converted    into   mountain-itinges,   it 

'  '  Description  des  Isles  Canaries/  p.  324. 
'  Idem,  p.  393. 
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would  naturally  result  that  the  inferior  primary  rocks 
would  often  be  uplifted  and  brought  into  view. 

Some  authors  have  remarked  that  volcanic  islands 
occur  scattered,  though  at  very  unequal  distances,  along 
the  shores  of  the  great  continents,  as  if  in  some  measure 
connected  with  them.  In  the  case  of  Juan  Fernandez, 
situated  330  miles  from  the  coast  of  Chile,  there  was 
undoubtedly  a  connection  between  the  volcanic  forces 
acting  under  this  island  and  imder  the  continent,  as 
was  shown  during  the  earthquake  of  1835.  The 
islands,  moreover,  of  some  of  the  small  volcanic  groups 
which  thus  border  continents,  are  placed  in  lines,  re- 
lated to  those  along  which  the  adjoining  shores  of 
the  continents  trend;  I  may  instance  the  lines  of 
intersection  at  the  Galapagos,  and  at  the  Cape  de 
Verde  Archipelagos,  and  the  best  marked  line  of  the 
Canary  Islands.  If  these  facts  be  not  merely  accidental, 
we  see  that  many  scattered  volcanic  islands  and  small 
groups  are  related  not  only  by  proximity,  but  in  the 
direction  of  the  fissures  of  eruption  to  the  neij^hbom'ing 
continents — a  relation,  which  Von  Hucli  considers,  cha- 
racteristic of  his  great  volcanic  chains. 

In  volcanic  archipelagos,  the  orifices  are  seldom  in 
activity  on  more  than  one  island  at  a  time ;  and  the 
greater  eruptions  usually  recur  only  after  long  intervals. 
Observing  the  niunber  of  craters,  that  are  usually  foimd 
on  each  island  of  a  group,  and  the  vast  amount  of 
matter  whicli  lias  been  erupted  from  them,  one  is  led 
to  attribute  a  high  antiquity  even  to  those  groups,  which 
ap])ear,  like  the  Galapagos,  to  be  of  comparatively  recent 
origin.  This  conclusion  accords  with  the  prodigious 
amount  of  degradation,  by  the  slow  action  of  the  sea, 
which  their  originally  sloping  coasts  must  have  suffered, 
when  they  are  worn  back,  as  is  so  often  the  case,  into 
^and  precipices.     We  ought  not,  however  to  suppose, 
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in  hardly  any  instance,  that  the  whole  body  of  matter, 
forming  a  volcanic  island,  has  been  erupted  at  the 
level,  on  which  it  now  stands :  the  number  of  dikes, 
which  seem  invariably  to  intersect  the  interior  parts  of 
every  volcano,  show,  on  the  principles  explained  by 
M.  Elie  de  Beaumont,  that  the  whole  mass  has  been 
uplifted  and  fissured.  A  connection,  moreover,  between 
volcanic  eruptions  and  contemporaneous  elevations  in 
mass  ^  has,  I  think,  been  shown  to  exist,  in  my  work  on 
Coral  Bee&,  both  from  the  frequent  presence  of  upraised 
organic  remains,  and  from  the  structure  of  the  accom- 
panying coral-reefs.  Finally,  I  may  remark^  that  in 
the  same  Archipelago,  eruptions  have  taken  place  within 
the  historical  period  on  more  than  one  of  the  parallel 
lines  of  fissure :  thus,  at  the  Galapagos  Archipelago, 
eruptions  have  taken  place  from  a  vent  on  Narborough 
Island,  and  from  one  on  Albemarle  Island,  which  vents 
do  not  fall  on  the  same  line ;  at  the  Canary  Islands, 
eruptions  have  taken  place  in  Teneriffe  and  Lanzarote ; 
and  at  the  Azores,  on  the  three  parallel  lines  of  Pico, 
St.  Jorge,  and  Terceira.  Believing  that  a  mountain- 
axis  diflfers  essentially  from  a  volcano,  only  in  plutonic 
rocks  having  been  injected,  instead  of  volcanic  matter 
having  been  ejected,  this  appears  to  me  an  interesting 
circumstance;  for  we  may  infer  from  it  as  probable, 
that  in  the  elevation  of  a  mountain-chain,  two  or  more 
of  the  parallel  lines  forming  it  may  be  upraised  and 
injected  within  the  same  geological  period. 

*  A  similar  conclnsion  is  forced  on  ns,  by  the  phenomeoa,  which 
accompanied  the  earthquake  of  1835,  at  Conception,  and  which  are 
detailed  in  my  paper  (vol.  v.  p.  601)  in  the  'Geological  Transactions.' 
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CHAPTER  VIL 

• 

Ifem  South  Wales — SandsUme  formation — Embedded  pmudo-fragmenU 
cf  shale — Stratification — Current-cleavage — Great  valleys. —  Van  Die' 
men's  Land — PaUsozoic  formation — Newer  formation  with  volcanicrocks 
— IVavertin  with  leaves  of  extinct  plants — Elevation  of  the  land — New 
Zealand — King  George's  Sound — Superficial  ferruginous  beds — 5m- 
perficial  calcareous  deposits,  tcith  casts  of  branches — Their  origin  from 
drifted  particles  of  shells  and  corals — Their  extent — Cap^  of  Good 
Hope — Junction  of  the  granite  and  clag-slate — Sandstone  formation. 

The  Beagle^  in  her  homeward  voyage,  touched  at  New 
Zealand,  Australia,  Van  Diemen's  Land,  and  the  Cape 
of  Good  Hope.  In  order  to  confine  the  Second  Part  of 
these  Geological  Observations  to  South  America,  I  will 
here  briefly  describe  all  that  I  observed  at  these  places 
worthy  of  the  attention  of  geologists. 

New  South  Wales. — My  opportunities  of  observa- 
tion consisted  of  a  ride  of  ninety  geographical  miles  to 
Bathurst,  in  a  WN\V.  direction  from  Sydney.  The 
first  thirty  miles  from  the  coast  passes  over  a  sandstone 
country,  broken  up  in  many  places  by  trap-rocks,  and 
separated  by  a  bold  escarpment  overhanging  the  river 
Nepean,  from  the  great  sandstone  platform  of  the  Blue 
Mountains.  This  upper  platform  is  1,000  feet  high  at 
the  edge  of  the  escarpment,  and  rises  in  a  distance  of 
twenty-five  miles  to  between  3,000  and  4,000  feet  above 
the  level  of  the  sea.  At  this  distance  the  road  descends 
to  a  country  rather  less  elevated,  and  composed  in  chief 
part  of  primary  rocks.  There  is  much  granite,  in  one 
part    passing    into   a   red    porphyry    with    octagonal 
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crystals  of  quartz,  and  interseeted  in  some  places  by 
trap-dikes.  Near  the  Downs  of  Batburst  I  passed  over 
mucb  pale-brown,  glossy  clay-slate,  with  the  shattered 
laminae  running  north  and  south  :  I  mention  this  fact, 
because  Captain  King  informs  me  that,  in  the  country 
a  himdred  miles  southward,  near  Lake  George,  the 
mica-slate  ranges  so  invariably  north  and  south  that 
the  inhabitants  take  advantage  of  it  in  finding  their 
way  through  the  forests. 

The  sandstone  of  the  Blue  Mountains  is  at  least 
1,200  feet  thick,  and  in  some  parts  is  apparently  of 
greater  thickness ;  it  consists  of  small  grains  of  quartz, 
cemented  by  white  earthy  matter,  and  it  abounds  with 
ferruginous  veins.  The  lower  beds  sometimes  alternate 
with  shales  and  coal :  at  Wolgan  I  found  in  carbona- 
ceous shale  leaves  of  the  Olossopteris  Brownii^  a  fe'm 
which  so  frequently  accompanies  the  coal  of  Australia. 
The  sandstone  contains  pebbles  of  quartz ;  and  these 
generally  increase  in  number  and  size  (seldom,  however, 
exceeding  an  inch  or  two  in  dianaeter)  in  the  upper 
beds :  I  observed  a  similar  circumstance  in  the  grand 
sandstone  formation  at  the  Gape  of  Good  Hope.  On 
the  South  American  coast,  where  lertiary  and  supra- 
tertiary  beds  have  been  extensively  elevated,  I  re- 
peatedly noticed  that  the  uppermost  beds  were  formed 
of  coarser  materials  than  the  lower:  this  appears  to 
indicate  that,  as  the  sea  became  shallower,  the  force  of 
the  waves  or  currents  increased.  On  the  lower  plat- 
form, however,  between  the  Blue  Mountains  and  the 
coab-t,  I  observed  that  the  upper  beds  of  the  sandstone 
frequently  passed  into  argillaceous  shale, — the  effect, 
probably,  of  this  lower  space  having  been  protected 
from  strong  currents  during  its  elevation.  The  sand- 
stone of  the  Blue  Mountains  evidently  having  been  of 
mechanical  origin,  and  not  having  suffered  any  meta-. 

L  2 
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morphic  action,  I  was  surprised  at  observing  that,  in 
some  specimens,  nearly  all  the  grains  of  quartz  were  so 
perfectly  crystallised  with  brilliant  facets  that  they 
evidently  had  not  in  their  yresent  form  been  aggregated 
in  any  previously  existing  rock.*  It  is  difficult  to 
imagine  how  these  crystals  could  have  been  formed ; 
one  can  hardly  believe  that  they  were  separately  pre- 
cipitated in  their  present  crystallised  state.  Js  it 
possible  that  rounded  grains  of  quartz  may  have  been 
acted  on  by  a  fluid  corroding  their  surfaces,  and  de- 
positing on  them  fresh  silica  ?  I  may  remark  that,  in 
the  sandstone  formation  of  the  Cape  of  Good  Hope,  it 
is  evident  that  silica  has  been  profusely  deposited  from 
aqueous  solution. 

In  several  parts  of  the  sandstone  I  noticed  patches 
of 'shale  which  might  at  the  first  glance  have  been 
mistaken  for  extraneous  fragments;  their  horizontal 
laminae,  however,  being  parallel  with  those  of  the 
sandstone,  showed  that  they  were  the  remnants  of  thin, 
continuous  beds.  One  such  fragment  (probably  the 
section  of  a  long  narrow  strip)  seen  in  the  face  of  a  cliff, 
was  of  greater  vertical  thickness  than  breadth,  which 
proves  that  this  bed  of  shale  must  have  been  in  some 
slight  degree  consolidated,  after  having  been  deposited, 
and  before  being  worn  away  by  the  currents.  Each 
patch  of  the  shale  shows,  also,  how  slowly  many  of  the 
successive  layers  of  sandstone  were  deposited.  These 
pseudo-fragments  of  shale  will  perhaps  explain,  in  some 
cases,  the  origin  of  apparently  extraneous  fragments  in 


•  I  have  lately  seen,  in  a  paper  by  Smith  (the  father  of  English 
geologists),  in  the  '  Magazine  of  Natural  History,*  that  the  grains  of 
quartz  in  the  millstone  grit  of  England  are  often  crystallised.  Sir 
David  Brewster,  in  a  paper  read  before  the  British  Association,  1840, 
states,  that  in  old  decomposed  glass,  the  silex  and  metals  separate  into 
concentric  rings,  and  that  the  silex  regains  its  crystalline  structure,  as 
is  shown  by  its  action  on  light. 
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crystalline  metamorphic  rocks.  I  mention  this,  because 
I  found  near  Rio  de  Janeiro  a  well-defined  angular 
fragment,  seven  yards  long  by  two  yards  in  breadth,  of 
gneiss  containing  garnets  and  mica  in  layers,  enclosed 
in  the  ordinary,  stratified,  porphyritic  gneiss  of  the 
country.  The  laminae  of  the  fragment  and  of  the  sur- 
rounding matrix  ran  in  exactly  the  same  direction,  but 
they  dipped  at  different  angles.  I  do  not  wish  to 
aflSrm  that  this  singular  fragment  (a  solitary  case,  as 
fer  as  I  know)  was  originally  deposited  in  a  layer,  like 
the  shale  in  the  Blue  Mountains,  between  the  strata  of 
the  porphyritic  gneiss,  before  they  were  metamorphosed ; 
but  there  is  sufficient  analogy  between  the  two  cases  to 
render  such  an  explanation  possible. 

Stratification  of  the  escarpment, — The  strata  of 
the  Blue  Mountains  appear  to  the  eye  horizontal ;  but 
they  probably  have  a  similar  inclination  with  the  sur- 
face of  the  platform,  which  slopes  from  the  west  to- 
wards the  escarpment  over  the  Nepean,  at  an  angle  of 
one  degree,  or  of  one  hundred  feet  in  a  mile.^  The 
strata  of  the  escarpment  dip  almost  conformably  with 
its  steeply  inclined  face,  and  with  so  much  regularity, 
that  they  appear  as  if  thrown  into  their  present  position  ; 
but  on  a  more  careful  examination,  they  are  seen  to 
thicken  and  to  thin  out,  and  in  the  upper  part  to  be 
succeeded  and  almost  capped  by  horizontal  beds.  These 
appearances  render  it  probable,  that  we  here  see  an 
original  escarpment,  not  formed  by  the  sea  having 
eaten  back  into  the  strata,  but  by  the  strata  having 
originally  extended  only  thus  far.  Those  who  have 
been  in  the  habit  of  examining  accurate  charts  of  sea- 
coasts,  where  sediment  is  accumulating,  will  be  aware, 
that  the  surfaces  of  the  banks  thus  formed,  generally 

'  This  is  stated  on  the  authority  of  Sir  T.  Mitchell,  in  his  *  Travels,* 
Tol.  ii.  p.  357. 


1 50  New  South  Wales.  pabt  i. 

-  —  1 

slope  from  the  coast  very  gently  towards  a  certain  line 
in  the  oj£ng,  beyond  which  the  depth  in  most  cases  sud- 
denly becomes  great.  I  may  instance  the  great  banks 
of  sediment  within  the  West  Indian  Archipelago,* 
which  terminate  in  submarine  slopes,  inclined  at  angles 
of  between  30  and  40  degrees,  and  sometimes  even  at 
more  than  40  degrees :  every  one  knows  how  steep  such 
a  slope  would  appear  on  the  land.  Banks  of  this  nature, 
if  uplifted,  would  probably  have  nearly  the  same  ex- 
ternal form  as  the  platform  of  the  Blue  Mountains, 
where  it  abruptly  terminates  over  the  Nepean. 

Current  cleavage. — The  strata  of  sandstone  in  the 
low  coast  country,  and  likewise  on  the  Blue  Mountains, 
are  often  divided  by  cross  or  current  laminae,  which 
dip  in  different  directions,  and  frequently  at  an  angle 
of  forty-five  degrees.  Most  authors  have  attributed 
these  cross  layers  to  successive  small  accumulations  on 
an  inclined  surface ;  but  from  a  careful  examination  in 
some  parts  of  the  New  Eed  sandstone  of  England,  I 
believe  that  such  layers  generally  form  parts  of  a  series 
of  curves,  like  gigantic  tidal  ripples,  the  tops  of  which 
have  since  been  cut  off,  either  by  nearly  horizontal 
layers,  or  by  another  set  of  great  ripples,  the  folds  of 
which  do  not  exactly  coincide  with  those  below  them. 
It  is  well  known  to  surveyors  that  mud  and  sand  are  dis- 
turbed during  storms  at  considerable  depths,  at  least  from 
300  to  450  feet,^  so  that  the  nature  of  the  bottom  even 
becomes  temporarily  changed ;  the   bottom,  also,  at  a 

*  I  have  described  these  very  curious  banks  in  the  Appendix  (2nd 
edit.  p.  255)  to  my  volume  on  the  structure  of  Coral  Reefs.  I  Iiave 
ascertained  the  inclination  of  the  edges  of  the  banks,  from  information 
given  me  by  Captain  B.  Allen,  one  of  the  surveyors,  and  by  carefully 
measuring  the  honzontal  distances  between  the  last  sounding  on  the 
bank  and  the  first  in  the  deep  "water.  "Widely  extended  l>anks  in  all 
parts  of  the  West  Indies  have  the  same  general  form  of  surface. 

'  See  Martin  White,  on  '  Soundings  in  the  British  Channel,'  pp.  4 
and  166. 
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depth  between  60  and  70  feet,  has  been  observed  ^  to  be 
broadly  rippled.  One  may,  therefore,  be  allowed  to 
suspect,  from  the  appearances  jnst  mentioned  in  the 
New  Red  sandstone,  that  at  greater  depths,  the  bed  of 
the  ocean  is  heaped  up  during  gales  into  great  ripple- 
like furrows  and  depressions,  which  are  aftervrards  cut 
off  by  the  currents  during  more  tranquil  weather,  and 
again  furrowed  during  gales. 

VaMeya  in  the  sandstone  platforms. — The  grand 
valleys,  by  which  the  Blue  Mountains  and  the  other 
sandstone  platforms  of  this  part  of  Australia  are  pene- 
trated, and  which  long  offered  an  insupenible  obstacle 
to  the  attempts  of  the  most  enterprising  colonist  to 
reach  the  interior  country,  form  the  most  striking 
feature  in  the  geology  of  New  South  Wales.  They  are 
of  grand  dimensions,  and  are  bordered  by  continuous 
lines  of  lofty  cliffs.  It  is  not  easy  to  conceive  a  more 
magnificent  spectacle,  than  is  presented  to  a  person 
walking  on  the  summit-plains,  when  without  any  notice 
he  arrives  at  the  brink  of  one  of  these  cliffs,  which  are 
so  perpendicular,  that  he  can  strike  with  a  stone  (as  I 
have  tried)  the  trees  growing,  at  the  depth  of  between 
1,000  and  1,500  feet  below  him ;  on  both  hands  he  sees 
headland  beyond  headland  of  the  receding  line  of  cliff, 
and  on  the  opposite  side  of  the  valley,  often  at  the 
distance  of  several  miles,  he  beholds  another  line  rising 
up  to  the  same  height  with  that  on  which  he  stands, 
and  formed  of  the  same  horizontal  strata  of  pale  sand- 
stone. The  bottoms  of  these  valleys  are  moderately  level, 
and  the  fall  of  the  rivers  flowing  in  them,  according  to 
Sir  T.  Mitchell,  is  gentle.  The  main  valleys  often  send 
into  the  platform  great  bay-like  arms,  which  expand  at 
their  upper  ends ;  and  on  the  other  hand,  the  platform 

*  M.  Siau  on  the  '  Action  of  Waves : '  •  Edin.  New  Phil.  Journ.'  vol. 
zxxi.  p.  245. 
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often  sends  promontories  into  the  valley,  and  even 
leaves  in  them  great,  almost  insulated,  .masses.  So 
continuous  are  the  boimding  lines  of  cliff,  that  to 
descend  into  some  of  these  valleys,  it  is  necessary  to  go 
round  twenty  miles ;  and  into  others,  the  surveyors 
have  only  lately  penetrated,  and  the  colonists  have  not 
yet  been  able  to  drive  in  their  cattle.  But  the  most 
remarkable  point  of  structure  in  these  valleys,  is,  that 
although  several  miles  wide  in  their  upper  parts,  they 
generally  contract  towards  their  mouths  to  such  a  degree 
as  to  become  impassable.  The  Surveyor-General,  Sir 
T.  Mitchell,*  in  vain  endeavoiu-ed,  first  on  foot  and  then 
by  crawling  between  the  great  fallen  fragments  of  sand- 
stone, to  ascend  through  the  gorge  by  which  the  river 
Grose  joins  the  Nepean ;  yet  the  valley  of  the  Grose  in 
its  upper  part,  as  I  saw,  forms  a  magnificent  basin  some 
miles  in  width,  and  is  on  all  sides  surrounded  by  cliffs, 
the  summits  of  which  are  believed  to  be  nowhere  less 
than  3,000  feet  above  the  level  of  the  sea.  When  cattle 
are  driven  into  the  valley  of  the  Wolgan  by  a  path 
(which  I  descended)  partly  cut  by  the  colonists,  they 
cannot  escape;  for  this  valley  is  in  every  other  part 
surrounded  by  perpendicular  cliffs,  and  eight  miles 
lower  down,  it  contracts,  from  an  average  width  of  half 
a  mile,  to  a  mere  chasm  impassable  to  man  or  beast. 
Sir  T.  Mitchell  ^  states,  that  the  great  valley  of  the  Cox 
river  with  all  its  branches  contracts,  where  it  imites 
with  the  Nepean,  into  a  gorge  2,200  yards  wide,  and 
about  1,000  feet  in  depth.  Other  similar  cases  might 
have  been  added. 

The  first  impression,  from  seeing  the  correspondence 


'  '  Travels  in  Australia,'  vol.  i.  p.  154. — I  must  express  my  ohli^- 
tion  to  Sir  T.  Mitchell,  for  several  interesting  personal  communications 
on  the  subject  of  these  great  valleys  of  New  South  Wales. 

*  •  Idem,'  vol.  ii.  p.  368. 
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of  the  horizontal  strata,  on  each  side  of  these  valleys 
and  great  amphitheatre-like  depressions,  is  that  they 
have   heen  in   chief   part    hollowed   out,   like    other 
valleys,  hy  aqueous  erosion  ;  but  when  one  reflects  on 
the  enormous  amount  of  stone,  which  on  this  view 
must  have  been  removed,  in  most  of  the  above  cases 
through   mere  gorges  or   chasms,  one  is  led  to   ask 
whether  these  spaces  may  not  have  subsided.     But  con- 
sidering the  form  of  the  irregularly  branching  valleys, 
and  of  the  narrow  promontories,  projecting  into  them 
from  the  platforms,  we  are  compelled  to  abandon  this 
notion.     To  attribute  these  hollows  to  alluvial  action, 
would  be  preposterous;   nor  does  the  drainage  from 
the    summit-level   always    fall,   as   I   remarked    near 
the  Weatherboard,  into  the  head  of  these  valleys,  but 
into  one  side  of  their  bay-like  recesses.     Some  of  the 
inhabitants  remarked  to  me,  that  they  never  viewed 
one  of  these  bay-like  recesses,  with  the  headlands  re- 
ceding on  both  hands,  without  being  struck  with  their 
resemblance  to  a  bold  sea-coast.     This  is  certainly  the 
case ;  moreover,  the  numerous  fine  harbours,  with  their 
widely  branching  arms,  on  the  present  coast  of  New 
South  Wales,  which  are  generally  connected  with  the 
sea  by  a  narrow  mouth,  from  one  mile  to  a  quarter  of  a 
mile  in  width,  passing  through  the  sandstone  coast-cliffs, 
present  a  likeness,  though  on  a  miniatiu*e  scale,  to  the 
great  valleys  of  the  interior.     But  then  immediately 
occurs  the  startling  difficulty,  why  has  tlie  sea  worn  out 
these  great,   though   circumscribed,  depressions  on  a 
wide  platform,  and  left  mere  gorges,  through   which 
the  whole  vast  amount  of  triturated  matter  must  have 
been  carried  away  ?     The  only  light  I  can  throw  on 
this  enigma,  is  by  showing  that  banks  appear  to  be 
forming  in  some  seas  of  the  most  irregular  forms,  and 
that  the  sides  of  such  banks  are  so  steep  (as  before 
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etated)  that  a  comparatively  small  amount  of  subse- 
quent erosion  would  form  them  into  cliffs :  that  the 
waves  have  power  to  form  high  and  precipitous  cliffs, 
even  in  land-locked  harbours,  J  have  observed  in  many 
parts  of  South  America.  In  the  Bed  Sea,  banks  with 
an  extremely  irregular  outline  and  composed  of  sedi- 
ment, are  penetrated  by  the  most  singularly  shaped 
creeks  with  narrow  mouths :  this  is  likewise  the  case, 
though  on  a  larger  scale,  with  the  Bahama  Banks. 
Such  banks,  I  have  been  led  to  suppose,^  have  been 
formed  by  currents  heaping  sediment  on  an  irregular 
bottom.  That  in  some  cases,  the  sea,  instead  of  spread- 
ing out  sediment  in  a  uniform  sheet,  heaps  it  round 
submarine  rocks  and  islands,  it  is  hardly  possible  to 
doubt,  after  having  examined  the  charts  of  the  West 
Indies.  To  apply  these  ideas  to  the  sandstone  plat- 
forms of  New  South  Wales,  I  imagine  that  the  strata 
might  have  been  heaped  on  an  irregular  bottom  by  the 
action  of  strong  currents,  and  of  the  undulations  of  an 
open  sea  ;  and  that  the  valley-like  spaces  thus  left  un- 
filled might,  during  a  slow  elevation  of  the  land,  have 
had  their  steeply  sloping  flanks  worn  into  cliffs ;  the 
wom-down  sandstone  being  removed,  either  at  the  time 
when  the  narrow  gorges  were  cut  by  the  retreating  sea, 
or  subsequently  by  alluvial  action. 

Van  Diemeri's  Land. 

The  southern  part  of  this  island  is  mainly  formed  of 
mountains  of  greenstone,  which  often  assumes  a  syenitic 

»  Seo  the  'Appendix'  (2nd  edit.  pp.  251  and  255)  to  the  'Part  on 
Coral  Reefs.*  The  fact  of  the  sea  heaping  up  mud  round  a  submarine 
nucleus,  is  worthy  of  the  notice  of  geologists :  for  outlayers  of  the  same 
composition  with  the  coast- banlcs  are  thus  formed;  and  these,  if 
upheaved  and  worn  into  cliffs,  would  naturally  be  thought  to  have  been 
once  connected  together. 
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character,  and  contaiDS  much  h  jpersthene.  These  moun- 
tains, in  their  lower  half,  are  generally  encased  by  strata 
containing  numerous  small  corals  and  some  shells. 
These  shells  have  been  examined  by  Mr.  Gr.  B.  Sowerby, 
and  are  described  in  the  Appendix  :  they  consist  of  two 
species  of  Producta,  and  of  six  of  Spirifera ;  two  of 
these,  namely,  P.  rugata  and  S.  rotundata,  resemble, 
as  far  as  their  imperfect  condition  allows  of  comparison, 
British  mountain-limestone  shells.  Mr.  Lonsdale  has 
had  the  kindness  to  examine  the  corals ;  they  consist 
of  six  undescribed  species,  belonging  to  three  genera. 
Species  of  these  genera  occur  in  the  Silurian,  Devonian, 
and  Carboniferous  strata  of  Europe.  Mr.  Lonsdale 
remarks,  that  all  these  fossils  have  undoubtedly  a 
Palseozoic  character,  and  that  probably  they  correspond 
in  age  to  a  division  of  the  system  above  the  Silurian 
formations. 

The  strata  containiug  these  remains  are  singular 
from  the  extreme  variability  of  their  mineralogical 
composition.  Every  intermediate  form  is  present, 
between  flinty-slate,  clay-slate  passing  into  gray-wacke, 
pure  limestone,  sandstone,  and  porcellanic  rock;  and 
some  of  the  beds  can  only  be  described  as  composed 
of  a  siliceo-calcareo-clayslate.  The  formation,  as  far 
as  I  could  judge,  is  at  least  a  thousand  feet  in  thick- 
ness :  the  upper  few  himdred  feet  usually  consist  of  a 
siliceous  sandstone,  containing  pebbles  and  no  organic 
remains ;  the  inferior  strata,  of  which  a  pale  flinty  slate 
is  perhaps  the  most  abundant,  are  the  most  variable ; 
and  these  chiefly  abound  with  the  remains.  Between 
two  beds  of  hard  crystalline  limestone,  near  Newtown, 
a  layer  of  white  soft  calcareous  matter  is  quarried,  and 
is  used  for  whitewashing  houses.  From  information 
given  to  me  by  Mr.  Frankland,  the  Siu-veyor-General, 
it  appears  that  this  Palaeozoic  formation  is  fovmd  in 
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different  parts  of  the  whole  island ;  from  the  same 
authority,  I  may  add,  that  oi|  the  north-eastern  coast  and 
in  Bass'  Straits  primary  rocks  extensively  occur. 

The  shores  of  Storm  Bay  are  skirted,  to  the  height 
of  a  few  hundred  feet,  by  strata  of  sandstone,  contain- 
ing pebbles  of  the  formation  just  described,  with  its 
characteristic  fossils,  and  therefore  belonging  to  a  sub- 
sequent age.  These  strata  of  sandstone  often  pass  into 
shale,  and  alternate  with  layers  of  impure  coal ;  they 
have  in  many  places  been  violently  disturbed.  Near 
Hobart  Town,  I  observed  one  dike,  nearly  a  hundred 
yards  in  width,  on  one  side  of  which  the  strata  were 
tilted  at  an  angle  of  60°,  and  on  the  other  they  were 
in  some  parts  vertical,  and  had  been  altered  by  the 
effects  of  the  heat.  On  the  west  side  of  Storm  Bay,  I 
found  these  strata  capped  by  streams  of  basaltic  lava 
with  olivine  ;  and  close  by  there  was  a  mass  of  brecci- 
ated  scoriae,  containing  pebbles  of  lava,  which  probably 
marks  the  place  of  an  ancient  submarine  crater.  Two 
of  these  streams  of  basalt  were  separated  from  each 
other  by  a  layer  of  argillaceous  wacke,  which  could  be 
traced  passing  into  partially  altered  scorige.  The 
wacke  contained  numerous  rounded  grains  of  a  soft, 
grass-green  mineral,  with  a  waxy  lustre,  and  translu- 
cent on  its  edges:  under  the  blowpipe  it  instantly 
blackened,  and  the  points  fused  into  a  strongly  magnetic, 
black  enamel.  In  these  characters,  it  resembles  those 
masses  of  decomposed  olivine,  described  at  St.  Jago  in 
the  Cape  de  Verde  group ;  and  I  should  have  thought 
that  it  had  thus  originated,  had  I  not  found  a  similar 
substance,  in  cylindrical  threads,  within  the  cells  of  the 
vesicular  basalt, — a  state  under  which  olivine  never 
appears ;  this  substance,*  I  believe,  would  be  classed  as 
bole  by  mineralogists. 

*  Chlorophffiite,  described  bv  Dr.  MacCulloch  ('  Western  Islands/ 
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Travertin  with  extvnct  plcmta. — Behind    Hobart 
Town  there  is  a  small  quarry  of  a  hard  travertin,  the 
lower  strata  of  which  abound  with  distinct  impressions 
of  leaves.     Mr.  Eobert  Brown   had  the  kindness  to 
look  at  my  specimens,  and  he  informed  me  that  there 
are  four  or  five  kinds,  none  of  which  he  recognises  as 
belonging  to  existing  species.     The  most  remarkable 
leaf  is  palmate,  like  that  of  a  fan-palm,  and  no  plant 
having  leaves  of  this  structure  has  hitherto  been  dis- 
covered in  Van  Diemen's  Land.     The  other  leaves  do 
not  resemble  the  most  usual  form  of  the  Eucalyptus, 
(of  which  tribe  the  existing  forests  are  chiefly  com- 
posed,) nor  do  they  resemble  that  class  of  exceptions  to 
the  common  form  of  the  leaves  of  the  Eucalyptus,  which 
occur  in   this  island.     The  travertin   containing  this 
remnant  of  a  lost  vegetation,  is  of  a  pale  yellow  colour, 
hard,  and  in  parts  even  crystalline ;  but  not  compact, 
and   is   everywhere  penetrated    by   minute,   tortuous, 
cylindrical  pores.     It  contains  a  very  few  pebbles  of 
quartz,  and  occasionally  layers  of  chalcedonic  nodules, 
like  those  of  chert  in  our  Greensand.     From  the  pure- 
ness  of  this  calcareous  rock,  it  has  been  searched  for  in 
other  places,  but  has  never  been  found.     From  this 
circumstance,  and  from  the  character  of  the  deposit,  it 
was  probably  formed  by  a  calcareous  spring  entering  a 
small  pool  or  narrow  creek.     The  strata  have  subse- 
quently been  tilted  and  fissured ;  and  the  surface  has 
been  covered  by  a  singular  mass,  with  which,  also,  a 
large  fissure  has  been  filled  up,  formed  of  balls  of  trap 
embedded  in  a  mixture  of  wacke  and  a  white,  earthy, 
alumino-calcareous  substance.     Hence  it  would  appear, 

vol.  i.  p.  604)  as  occurring  in  a  basaltic  amygdaloid,  differs  from  this 
jrabstance,  in  remaining  unchanged  before  the  blowpipe,  and  in  black- 
ening from  exposure  to  the  air.  May  we  suppose  that  olivine,  in  under- 
going the  remarkable  change  described  at  St.  Jago,  passes  through 
terenJ  states? 
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as  if  a  volcanic  eruption  had  taken  place  on  the  borders 
of  the  pool,  in  which  the  calcareous  matter  was  deposit- 
ing, and  had  broken  it  up  and  drained  it. 

Fixation  of  the  land. — Both  the  eastern  and 
western  shores  of  the  bay,  in  the  neighbourhood  of 
Hobart  Town,  are  in  most  parts  covered  to  the  height 
of  thirty  feet  above  the  level  of  high-water  mark,  with 
broken  shells,  mingled-  with  pebbles.  The  colonists 
attribute  these  shells  to  the  aborigines  having  carried 
them  up  for  food  :  undoubtedly,  there  are  many  large 
mounds,  as  was  pointed  out  to  me  by  Mr.  Frankland, 
which  have  been  thus  formed  ;  but  I  think  from  the 
numbers  of  the  shells,  from  their  frequent  small  size, 
from  the  manner  in  which  they  are  thinly  scattered, 
and  from  some  appearances  in  the  form  of  the  land, 
that  we  must  attribute  the  presence  of  the  greater 
number  to  a  small  elevation  of  the  land.  On  the  shore 
of  Ealph  Bay  (opening  into  Storm  Bay)  I  observed  a 
continuous  beach  about  fifteen  feet  above  hi pfh -water 
mark,  clothed  with  vegetation,  and  by  digging  into  it, 
pebbles  encrusted  with  Serpulae  were  found  :  alonif  the 
banks,  also,  of  the  river  Derwent,  I  found  a  bed  of 
broken  sea  shells  above  the  surface  of  the  river,  and  at 
a  point  where  the  water  is  now  much  too  fresh  for  sea- 
shells  to  live  ;  but  in  both  these  cases,  it  is  just  possible, 
that  before  certain  spits  of  sand  and  banks  of  mud  in 
Storm  Bay  were  accumulated,  the  tides  miglit  have 
risen  to  the  height  where  we  now  find  the  shells.^ 

*  It  would  appe<ar  thnt  some  changes  are  now  in  progress  in  Ralph 
Bay,  for  I  was  assured  by  an  intelligent  farmer,  that  oysters  wore 
formerly  abundant  in  it,  but  that  about  the  year  1834  tliey  had,  without 
any  apparent  cause,  disappeared.  In  the  'Transactions  of  the  Maryland 
Academy'  (vol.  i.  part  i.  p.  28),  there  is  an  account  by  Mr.  Ducatel.  of 
vast  beds  of  oysters  and  clams  having  been  destroyed  by  the  gradual 
filling  up  of  the  shallow  lagoons  and  channels,  on  the  shores  of  the 
southern  United  Stiites.  At  Chiloe,  in  South  America,  I  heiinl  of  a 
similar  loss,  sustained  by  the  inhabitants,  in  the  disappearance  from  one 
part  of  the  coast  of  an  edible  species  of  Ascidia. 


CHAP.  TO.  Elevation  of  the  Land.  159 

Evidence  more  or  less  distinct  of  a  change  of  level 
between  the  land  and  water,  has  been  detected  on 
almost  all  the  land  on  this  side  of  the  globe.  Capt. 
Grey,  and  other  travellers,  have  found  in  southern 
Australia  upraised  shells,  belonging  either  to  the  recent, 
or  to  a  late  tertiary  period.  The  French  naturalists 
in  Baudin's  expedition,  found  shells  similarly  circum- 
stanced on  the  S.W.  coast  of  Australia.  The  Rev.  W.  B. 
Clarke  ^  finds  proofs  of  the  elevation  of  the  land,  to  the 
amount  of  400  feet,  at  the  Cape  of  Good  Hope.  In  the 
neighbourhood  of  the  Bay  of  Islands  in  New  Zealand,^ 
I  observed  that  the  shores  were  scattered  to  some  height, 
as  at  Van  Diemen's  Land,  with  'sea-shells,  which  the 
colonists  attribute  to  the  natives.  Whatever  may  have 
been  the  origin  of  these  shells,  I  cannot  doubt,  after 
having  seen  a  section  of  the  valley  of  the  Thames  River 
(37''  S.),  drawn  by  the  Rev.  W.  Williams,  that  the  land 
^as  been  there  elevated :  on  the  opposite  sides  of  this 
great  valley,  three  step-like  terraces,  composed  of  an 
"enormous  acciunulation  of  roimded  pebbles,  exactly 
correspond  with  each  other:  the  escarpment  of  each 
terrace  is  about  fifty  feet  in  height.  No  one  after 
having  examined  the  terraces  in  the  valleys   on   the 

* 

■  'Proceedings  of  the  Geological  Society/  rol.  iii.  p.  420. 

*  I  "will  here  give  a  catalogue  of  the  rocks  which  I  met  with  near  the 
Bay  of  Islands,  in  New  Zealand: — Ist,  Much  l)asaltic  laya>  and  scori- 
form  rocks,  forming  distinct  craters  ; — 2nd,  A  castellated  hill  of  hori- 
zontal strata  of  flesh-coloured  limestone,  showing  when  fractured  dis- 
tinct crystalline  facets:  the  rain  has  acted  on  this  rock  in  a  remarkable 
manner,  corroding  its  surface  into  a  miniature  model  of  an  Alpine 
country  :  I  observed  here  layers  of  chert  and  clay  iron-stone ;  and  in 
the  bed  of  a  stream,  pebbles  of  clay-slate  : — 3rd,  The  shores  of  the  Bay 
of  Islands  are  formed  of  a  feldspathic  rock,  of  a  blueieli-gray  colour, 
often  much  decomposed,  with  an  angular  fracture,  and  crossed  by 
numerous  ferruginous  seams,  but  without  any  distinct  stratification  or 
cleavage.  Some  varieties  are  highly  crystalline,  and  would  at  once  be 
pronounced  to  be  trap  ;  others  strikingly  resembled  clay-slate,  slightly 
altered  by  heat :  I  was  unable  to  form  any  decided  opinion  on  this  for- 
mation. 


1 60  J^i^g  Georges  Sound.  part  i. 

western  shores  of  South  America,  which  are  strewed 
with  sea-shells,  and  have  been  formed  during  intervals 
of  rest  in  the  slow  elevation  of  the  land,  could  doubt 
that  the  New  Zealand  terraces  have  been  similarly 
formed.  I  may  add,  that  Dr.  Dieffenbach,  in  his  de- 
scription of  the  Chatham  Islands,*  (S.W.  of  New  Zealand) 
states  that  it  is  manifest  '  that  the  sea  has  left  many 
places  bare  which  were  once  covered  by  its  waters.' 

King  George^a  Sov/nd. 

This  settlement  is  situated  at  the  sor»th-westem 
angle  of  the  AustraUan  continent :  the  whole  country 
is  granitic,  with  the  constituent  minerals  sometimes 
obscurely  arranged  in  straight  or  curved  laminae.  In 
these  cases,  the  rock  would  be  called  by  Humboldt, 
gneiss-gi-anite,  and  it  is  remarkable  that  the  form  of 
the  bare  conical  hills,  appearing  to  be  composed  of 
great  folding  layers,  strikingly  resembles,  on  a  smalt 
scale,  those  composed  of  gneiss-granite  at  Rio  de  Janeiro, 
and  those  described  by  Humboldt  at  Venezuela.  These 
plutonic  rocks  are,  in  many  places,  intersected  by  trap- 
pean-dikes ;  in  one  place,  I  found  ten  parallel  dikes 
ranging  in  an  E.  and  W.  line ;  and  not  far  off  another 
set  of  eight  dikes,  composed  of  a  different  variety  of 
trap,  ranging  at  right  angles  to  the  former  ones.  I 
have  observed  in  several  primary  districts,  the  occur- 
rence of  systems  of  dikes  parallel  and  close  to  each  other. 

Superficial  ferruginons  beds. — The  lower  parts  of 
the  country  are  everywhere  covered  by  a  l)ed,  following 
the  inequalities  of  the  surface,  of  a  honeycombed  sand- 
stone, abounding  with  oxides  of  iron.  Beds  of  nearly 
similar  composition  are  common,  I  believe,  along  the 
whole  western  coast  of  Australia,  and  on  many  of  the 

*  •  Geographical  Journal/  vol.  xi.  pp.  202,  205. 
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East  Indian  islandB.  At  the  Cape  of  Gt>od  Hope,  at 
the  base  of  the  mountains  formed  of  granite  and  capjped 
with  sandstone,  the  ground  is  everywhere  coated  either 
by  a  fine-grained,  rubbly,  ochraceous  mass,  like  that  at 
King  George's  Sound,  or  by  a  coarser  sandstone  with 
fragments  of  quartz,  and  rendered  hard  and  heavy  by 
an  abundance  of  the  hydrate  of  iron,  which  presents, 
when  freshly  broken,  a  metallic  lustre.  Both  these 
varieties  have  a  very  irregular  texture,  including  spaces 
either  rounded  or  angular,  full  of  loose  sand;  from 
this  cause  the  surface  is  always  honey-combed.  The 
oxide  of  iron  is  most  abundant  on  the  edges  of  the 
cavities,  where  alone  it  affords  a  metallic  fracture.  In 
these  formations,  as  well  as  in  many  true  sedimentary 
deposits,  it  is  evident  that  iron  tends  to  become  aggre-  ^ 
gated,  either  in  the  form  of  a  shell,  or  of  a  network. 
The  origin  of  these  superficial  beds,  though  suflSciently 
obscure,  seems  to  be  due  to  alluvial  action  on  detritus 
abounding  with  iron. 

Superficial  calcareous  deposit. — A  calcareous  de- 
posit on  the  summit  of  Bald  Head,  containing  branched 
bodies,  supposed  by  some  authors  to  have  been  corals,  has 
been  celebrated  by  the  descriptions  of  many  distinguished 
voyagers.^  It  folds  round  and  conceals  irregular  hum- 
mocks of  granite,  at  the  height  of  600  feet  above  the 
level  of  the  sea.  It  varies  much  in  thickness ;  where 
stratified,  the  beds  are  often  inclined  at  high  angles, 
even  as  much  as  at  30  degrees,  and  they  dip  in  all 
directions.  These  beds  are  sometimes  crossed  by 
oblique  and  even-sided  laminae.  The  deposit  consists 
either  of  a  fine,  white,  calcareous  powder,  in  which  not 
a  trace  of  structure  can  be  discovered,  or  of  exceedingly 
minute,  rounded  grains,  of  brown,  yellowish,  and  pur- 

'  I  visited  this  hill,  in  company  with  Captain  FitzRoy,  and  we  came 
to  a  similar  conclusion  regjirding  these  branching  bodies. 
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plish  colours ;  both  varieties  being  generally,  but  not 
always,  mixed  with  small  particles  of  quartz,  and  being 
cemented  into  a  more  or  less  perfect  stone.  The  rounded 
calcareous  grains,  when  heated  in  a  slight  degree,  in- 
stantly lose  their  colours ;  in  this  and  in  every  other 
respect,  closely  resembling  those  minute,  equal-sized 
particles  of  shells  and  corals,  which  at  St.  Helena  have 
been  drifted  up  the  sides  of  the  mountains,  and  have 
thus  been  winnowed  of  all  coarser  fragments:  I  cannot 
doubt,  that  the  coloured  calcareous  particles  here  have 
had  a  similar  origin.  The  impalpable  powder  has 
probably  been  derived  from  the  decay  of  the  rounded 
particles ;  this  certainly  is  possible,  for  on  the  coast  of 
Peru,  I  have  traced  large  unbroken  shells  gradually 
falling  into  a  substance  as  fine  as  powdered  chalk. 
Both  of  the  above-mentioned  varieties  of  calcareous 
sandstone  frequently  alternate  with,  and  blend  into, 
thin  layers  of  a  hard  substalagmitic  ^  rock,  which,  even 

*  I  adopt  this  term  from  Lieut.  Nelson's  excellent  paper  on  the 
Bermuda  Islands  (*  Geolog.  Trans.'  vol.  v.  p.  106),  for  the  hard,  compact, 
cream-  or  brown -coloured  stone,  without  any  crj'stalline  structure, 
which  so  often  accompanies  superficial  calcareous  accumulations.  I 
hiive  observed  such  superficial  be<ls,  coated  with  substiilacmitic  rock, 
at  the  Cape  of  Good  Hope,  in  several  parts  of  Chile,  and  over  wide 
spaces  in  La  Plata  and  Pabigonia.  Some  of  these  beds  have  been 
formed  from  decayed  shells,  but  the  origin  of  the  greater  numlier  is 
suflSciently  obscure.  The  causes  which  determine  water  to  dissolve 
lime,  and  then  soon  to  redeposit  it,  are  not,  I  think,  known.  The  sur- 
face of  the  substiilagmitic  layers  appears  always  to  be  corroded  by  the 
rainwater.  As  all  the  above-mentioned  countries  have  a  long  dry 
season,  compared  with  the  rainy  one,  I  should  have  thought  that  the 
presence  of  the  subsUbvgmite  was  connected  with  the  climate,  had  not 
Lieut.  Nelson  found  this  substance  forming  under  sea- water.  Disinte- 
grated shell  seems  to  be  extremely  soluble ;  of  which  I  found  pood 
evidence,  in  a  curious  rock  at  Coquimbo  in  Chile,  whicii  consisted  of 
small,  pellucid,  empty  husks,  cemented  together.  A  series  of  specimens 
clearly  showed  that  these  husks  had  originally  contained  small  rounded 
particles  of  shells,  which  had  been  enveloptxl  and  cemented  together 
by  calcareous  matter  (as  often  happens  on  sea-beaches),  and  which 
subsequently  had  decayed,  and  l)een  dissolved  by  water,  that  must  have 
penetrated  through  the  calcareous  husks,  without  corroding  them, — of 
which  processes,  every  stage  could  be  seen. 
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when  the  stone  on  each  side  contains  particles  of  quartz, 
is  entirely  free  from  them:  hence  we  must  suppose  that 
these  layers,  as  well  as  certain  vein-like  masses,  have 
been  formed  by  rain  dissolving  the  calcareous  matter 
and  re-precipitating  it,  as  has  happened  at  St.  Helena. 
Each  layer  probably  marks  a  fresh  surface,  when  the, 
now  firmly  cemented,  particles  existed  as  loose  sand. 
These  layers  are  sometimes  brecciated  and  re-cemented, 
as  if  they  had  been  broken  by  the  slipping  of  the  sand 
when  soft.  I  did  not  find  a  single  fragment  of  a  sea- 
shell;  but  bleached  shells  of  the  Hdix  mdo^  an  existing 
land  species,  abound  in  all  the  strata ;  and  I  likewise 
fomid  another  Helix,  and  the  case  of  an  Oniscus. 

The  branches  are  absolutely  undistinguishable  in 
shape  from  the  broken  and  upright  stumps  of  a  thicket ; 
their  roots  are  often  uncovered,  and  are  seen  to  diverge 
on  all  sides;  here  and  there  a  branch  lies  prostrate. 
The  branches  generally  consist  of  the  sandstone j  rather 
firmer  than  the  surrounding  matter,  with  the  eentral 
parts  filled,  either  with  friable  calcareous  matter,  or 
with  a  substalagmitic  variety  ;  this  central  part  is  also 
frequently  penetrated  by  linear  crevice^,  sometimes, 
though  rarely,  containing  a  trace  of  woody  matter. 
These  calcareous,  branching  bodies,  appear  to  have 
been  formed  by  fine  calcareous  matter  being  washed 
into  the  casts  or  cavities,  left  by  the  decay  of  branches 
and  roots  of  thickets,  buried  under  drifted  sand.  The 
whole  surface  of  the  hill  is  now  imdergoing  disintegra- 
tion, and  hence  the  casts,  which  are  compact  and  hard, 
are  left  projecting.  In  calcareous  sand  at  the  Cape  of 
Good  Hope,  I  found  the  casts,  described  by  Abel,  quite 
similar  to  these  at  Bald  Head ;  but  their  centres  are 
often  filled  with  black  carbonaceous  matter,  not  yet 
removed.  It  is  not  surprising,  that  the  woody  matter 
should  have  been  almost  entirely  removed  from  the 

M  2 
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casts  on  Bald  Head ;  for  it  is  certain,  that  many  cen- 
turies must  have  elapsed  3ince  the  thickets  were  buried ; 
at  present,  owing  to  the  form  and  height  of  the  narrow 
promontory,  no  sand  is  drifted  up,  and  the  whole  sur- 
face, as  I  have  remarked,  is  wearing  away.  We  must, 
therefore,  look  back  to  a  period  when  the  land  stood 
lower,  of  which  the  French  naturalists  ^  found  evidence 
in  upraised  shells  of  recent  species,  for  the  drifting  on 
Bald  Head  of  the  calcareous  and  quartzose  sand,  and 
the  consequent  embedment  of  the  vegetable  remains. 
There  was  only  one  appearance  which  at  first  made  me 
doubt  concerning  the  origin  of  the  cast, — namely,  that 
the  finer  roots  from  diflferent  stems  sometimes  became 
united  together  into  upright  plates  or  veins ;  but  when 
the  manner  is  borne  in  mipd  in  which  fine  roots  often 
fill  up  cracks  in  hard  earth,  and  that  these  roots  would 
decay  and  leave  hollows,  as  well  as  the  »tems,  there  is 
no  real  difficulty  in  this  case.  Besides  the  calcareous 
branches  from  the  Cape  of  Good  Hope,  I  have  seen 
casts,  of  exactly  the  same  forms,  from  Madeira  ^  and 

*  See  M.  P^ron's  '  Voyage,'  torn.  i.  p.  204. 

*  Dr.  J.  Macaulay  has  fully  described  {'  Edinb.  New  Phil.  Journ. 
vol.  XXIX.  p.  350)  the  casts  from  Madeira.  He  considers  (differently 
from  Mr.  Smith  of  Jordan  Hill)  these  Indies  to  be  corals,  and  the  cal- 
careous deposit  to  be  of  subaqueous  origin.  His  arguments  chiefly  rest 
(for  his  remarks  on  their  structure  are  vague)  on  the  great  quantity  of 
the  calcareous  matter,  and  on  the  casts  containing  animal  matter,  as 
shown  by  their  evolving  ammonia.  Had  Dr.  Macaulay  seen  the  enor- 
mous masses  of  rolled  particles  of  shells  and  corals  on  the  beach  of 
Ascension,  and  especially  on  coral-reefs;  and  had  he  reflected  on  the 
effects  of  long-continued, gentle  winds,  in  drifting  up  the  finer  partichs, 
he  would  hardly  have  advanced  the  argument  of  quantity,  which  is 
seldom  trustworthy  in  geolc^.  If  the  Calcareous  matter  has  originated 
from  disintegrated  shells  and  corals,  the  presence  of  animal  matter  is 
what  might  have  been  expected.  Mr.  Anderson  analyzed  for  Dr. 
Hacaulay  part  of  a  cast,  and  he  found  it  composed  of — 

Carbonate  of  lime 7315 

Silica 11-90 

Phosphate  of  lime        ......  881 

Animal  matter     .......  42/) 

Sulphate  of  lime a  trace 

98- 11 
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firom  Bennuda ;  at  this  latter  place,  the  surrounding 
calcareous  rocks,  judging  from  the  specimens  collected 
by  Lieut.  Nelson,  are  likemse  similar,  as  is  their  sub* 
aerial  formation.  Seflecting  on  the  stratification  of 
the  deposit  on  Bald  Head, — on  the  irregularly  alter- 
nating layers  of  substalagmitic  rock, — on  the  uniformly 
sized,  and  rounded  particles,  apparently  of  sear-shells 
and  corals, — on  the  abundance  of  land-shells  throughout 
the  mass, — and  finally,  on  the  absolute  resemblance  of 
the  calcareous  casts,  to  the  stumps,  roots,  and  branches 
of  that  kind  of  vegetation,  which  would  grow  on  sand- 
hillocks,  I  think  there  can  be  no  reasonable  doubt, 
notwithstanding  the  different  opinion  of  some  authors, 
that  a  true  view  of  their  origin  has  been  here  given. 

Calcareous  deposits,  like  these  of  King  George's 
Sound,  are  of  vast  extent  on  the  Australian  shores. 
Dr.  Fitton  remarks,  that  *  recent  calcareous  breccia  (by 
ii«rhich  term  all  these  deposits  are  included)  was  found 
during  Baudin's  voyage,  over  a  space  of  no  less  than 
25  degrees  of  latitude  and  an  equal  extent  of  longitude, 
on  the  southern,  western,  and  north-western  coasts.'* 
It  appears  also  from  M.  Peron,  mth  whose  observations 
and  opinions  on  the  origin  of  the  calcareous  matter  and 
branching  casts  mine  entirely  accord,  that  the  deposit 
is  generally  much  more  continuous  than  near  King 
George's  Sound.  At  Swan  Eiver,  Archdeacon  Scott* 
states  that  in  one  part  it  extends  ten  miles  inland. 
Captain  Wickham,  moreover,  informs  me  that  during 
his  late  survey  of  the  western  coast,  the  bottom  of  the 
sea,  wherever  the  vessel  anchored,  was  ascertained  by 

'  Fop  ample  details  on  this  formation,  consult  Dr.  Fitton's  *  Appendix 
to  Capt.  King's  Voyage.'  Dr.  Fitton  is  inclined  to  attribute  a  con- 
credoDary  orijipn  to  the  branching  bodies:  I  may  remark,  that  I  have 
seen  in  beds  of  sand  in  La  Plata  cylindrical  stems  which  no  doabt  thus 
originated ;  but  they  differed  much  in  appearance  from  these  at  Bald 
Head,  and  the  other  places  above  specified. 

*  •  Proceedings  of  the  Geolog.  Soc.'  vol.  i.  p.  320. 


1 66  Cape  of  Good  Hope.  part  i. 

crow-bars  being  let  down,  to  consist  of  white  calcareous 
matter.  Hence  it  seems  that  along  this  coast,  as  at 
Bermuda  and  at  Keeling  Atoll,  submarine  and  sub- 
aerial  deposits  are  contemporaneously  in  process  of 
formation,  from  the  disintegration  of  marine  organic 
bodies.  The  extent  of  these  deposits,  considering  their 
origin,  is  very  striking ;  and  they  can  be  compared  in 
this  respect  only  with  the  great  coral-reefs  of  the  Indian 
and  Pacific  Oceans.  In  other  parts  of  the  world, 
for  instance  in  South  America,  there  are  superficial 
calcareous  deposits  of  great  extent,  in  which  not  a  trace 
of  organic  structure  is  discoverable ;  these  observations 
would  lead  to  the  enquiry,  whether  such  deposits  may 
not,  also,  have  been  formed  from  disintegrated  shells 
and  corals. 

Cape  of  Good  Hope. 

After  the  accounts  given  by  Barrow,  Carmichael, 
Basil  Hall,  and  W.  B.  Clarke  of  the  geology  of  this 
district,  I  shall  confine  myself  to  a  few  observations  on 
the  jimction  of  the  three  principal  formations.  The 
fundamental  rock  is  granite,^  overlaid  by  clay-slate  : 
the  latter  is  generally  hard,  and  glossy  from  containing 
minute  scales  of  mica ;  it  alternates  with,  and  passes 
into,  beds  of  slightly  crystalline,  feldspathic,  slaty  rock. 
This  clay-slate  is  remarkable  from  being  in  some  places 
(ag  on  the  Lion's  Rump)  decomposed,  even  to  the  depth 
of  twenty  feet,  into  a  pale-coloured,  sandstone-like  rock, 
which  has  been  mistaken,  I  believe,  by  some  observers, 

*  In  several  places  I  observed  in  the  pranite,  small  dark-coloured 
balls,  composed  of  minute  scales  of  black  mica  in  a  tough  basis.  In 
another  place,  I  found  crystals  of  black  schorl  radiating  Irom  a  common 
centre.  Dr.  Andrew  Smith  found,  in  the  interior  paries  of  the  country, 
some  beautiful  specimens  of  granite,  with  silvery  mica  radiating  or 
ratlicr  branching,  like  moss,  from  central  points.  At  the  Geologic:tl 
Society,  there  are  specimens  of  granite  with  crystallised  feldspar 
branching  and  radiating  in  like  manner. 
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for  a  separate  formation.  I  was  guided  by  Dr.  Andrew 
Smith  to  a  fine  junction  at  Grreen  Point  between  the 
granite  and  clay-slate :  the  latter  at  the  distance  of  a 
quarter  of  a  mile  from  the  spot,  where  the  granite 
appears  on  the  beach  (though,  probably,  the  granite  is 
much  nearer  underground),  becomes  slightly  more  com- 
pact and  crystalline.  At  a  less  distance,  some  of  the 
beds  of  clay-slate  are  of  a  homogeneous  texture,  and 
obscurely  striped  with  different  zones  of  folour,  whilst 
others  are  obscurely  spotted.  Within  a  hundred  yards 
of  the  first  vein  of  granite,  the  clay-slate  consists  of 
several  varieties ;  some  compact  with  a  tinge  of  purple, 
others  glistening  with  numerous  minute  scales  of  mica 
and  imperfectly  crystallised  feldspar;  some  obscurely 
granular,  others  porphyritic  with  small,  elongated  spots  of 
a  soft  white  mineral,  which  being  easily  corroded,  gives 
to  this  variety  a  vesicular  appearance.  Close  to  the 
granite,  the  clay-slate  is  changed  into  a  dark-coloured, 
laminated  rock,  having  a  granular  fracture,  which  is 
due  to  imperfect  crystals  of  feldspar,  coated  by  minute, 
brilliant,  scales  of  mica. 

The  actual  junction  between  the  granitic  and  clay- 
slate  districts  extends  over  a  width  of  about  200  yards, 
and  consists  of  irregular  masses  and  of  numerous  dikes 
of  granite,  entangled  and  surrounded  by  the  clay-slate  : 
most  of  the  dikes  range  in  a  NW.  and  SE.  line, 
parallel  to  the  cleavage  of  the  slate.  As  we  leave  the 
junction,  thin  beds,  and  lastly,  mere  films  of  the  altered 
clay-slate  are  seen,  quite  isolated,  as  if  floating,  in  the 
coarsely-crystallised  granite ;  but  although  completely 
detached,  they  all  retain  traces  of  the  uniform  NW. 
and  SE.  cleavage.  This  fact  has  been  ol)served  in 
other  similar  cases,  and  has  been  advanced  by  some 
eminent  geologists,*  as  a  great  difficulty  on  the  ordinary 

>  See  M.  Keilhau'8  'Theory  on  Granite,'  translated  in  the  'Edin- 
burgh Kew  Philosophical  Journal/  vol.  xxi  r.  p.  402. 
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theory,  of  granite  having  been  injected  whilst  liqueBed; 
but  if  we  reflect  on  the  probable  state  of  the  lower 
siuftce  of  a  laminated  mass,  like  claynslate,  after  having 
been  violently  arched  by  a  body  of  molten  granite,  we 
may  conclude  that  it  would  be  fiill  of  fissures  parallel 
to  the  planes  of  cleavage ;  and  that  these  would  be 
filled  with  granite,  so  that  wherever  the  fissures  were 
dose  to  each  other,  mere  parting  layers  or  wedges  of 
the  slate  would  depend  into  the  granite.  Should,, 
therefore,  the  whole  body  of  rock  afterwards  become 
worn  down  and  denuded,  the  lower  ends  of  these  de- 
pendent masses  or  wedges  of  slate  would  be  left  quite 
isolated  in  the  granite;  yet  they  woidd  retain  their 
proper  lines  of  cleavage,  from  having  been  united^ 
whilst  the  granite  was  fluid,  with  a  continuous  covering 
of  clay-slate. 

Following,  in  company  with  Dr.  A.  Smith,  the  line 
of  junction  between  the  granite  and  the  slate,  as  it 
stretched  inland,  in  a  SE.  direction,  we  came  to  a 
place,  where  the  slate  was  converted  into  a  fine-grained, 
perfectly  characterised  gneiss,  composed  of  yellowish- 
brown  granular  feldspar,  of  abimdant  black  brilliant 
mica,  and  of  few  and  thin  laminsB  of  quartz.  From 
the  abundance  of  the  mica  in  this  gneiss,  compared 
with  the  small  quantity  and  excessively  minute  scales, 
in  which  it  exists  in  the  glossy  clay-slate,  we  must 
conclude,  that  it  has  been  here  formed  by  the  meta^ 
morphic  action — a  circumstance  doubted,  under  nearly 
similar  circumstances,  by  some  authors.  The  laminse 
of  the  clay-slate  are  straight ;  and  it  was  interesting  to 
observe,  that  as  they  assumed  the  character  of  gneiss, 
they  became  undulatory  with  some  of  the  smaller 
flexures  angular,  like  the  laminse  of  many  true  meta- 
morphic  schists. 

SandsUme  foTTncUioru — This  formation  makes  the 
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most  imposing  feature  in  the  geology  of  Southern 
Afirica.  The  strata  are  in  many  parts  horizontal,  and 
attain  a  thickness  of  about  2,000  feet.  The  sandstone 
varies  in  character ;  it  contains  little  earthy  matter, 
but  is  often  stained  with  iron ;  some  of  the  beds  are 
very  fine-grained  and  qmte  white ;  others  are  as  com- 
pact and  homogeneous  as  quartz  rock.  In  some  places 
I  obseirved  a  breccia  of  quartz,  with  the  fragments 
almost  dissolved  in  a  siliceous  past«.  Broad  veins  of 
quartz,  often  including  large  and  perfect  crystals,  are 
very  numerous;  and  it  is  evident  in  nearly  all  the 
f;trata,  that  silica  has  been  deposited  from  solution  in 
remarkable  quantity.  Many  of  the  varieties  of  quartzite 
appeared  quite  like  metamorphic  rocks ;  but  from  the 
upper  strata  being  as  siliceous  as  the  lower,  and  from  the 
undistmrbed  junctions  with  the  granite,  which  in  many 
places  can  be  examined,  I  can  hardly  believe  that  these 
sandstone-strata  have  been  exposed  to  heat.^  On  the 
lines  of  junction  between  these  two  great  formations,  I 
found  in  several  places  the  granite  decayed  to  the 
depth  of  a  few  inches,  and  succeeded,  either  by  a  thin 
layer  of  ferruginous  shale,  or  by  four  or  five  inches  in 
thickness  of  the  re-cemented  crystals  of  the  granite,  on 
which  the  great  pile  of  sandstone  immediately  rested. 

Mr.  Schomburgk  has  described  ^  a  great  sandstone 
formation  in  .northern  Brazil,  resting  on  granite,  and 
resembling  to  a  remarkable  degree,  in  composition  and 
in  the  external  form  of  the  land,  this  formation  of  the 
Cape  of  Good  Hope.  The  sandstones  of  the  great  plat- 
forms of  Eastern  Australia,  which  also  rest  on  granite, 
diflTer  in   containing   more  earthy   and   less   siliceous 

*  The  Rer.  W.  B.  Clarke,  however,  states,  to  my  surprise  ('Geolog. 
Proceedings,'  toL  iii.  p.  422).  that  the  Siindstone  in  some  parts  is  pene- 
trated by  granitic  dikes :  such  dikes  must  belong  to  an  epoch  altogether 
snbfleqnent  to  that  when  the  molten  granite  acted  on  the  day-slate. 

'  '  Oeographical  Journal,'  vol.  x.  p.  246. 
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matter.  No  foadl  remaiiu  have  been  disooyered  in 
these  three  vast  deposits.  Finally,  I  may  add  that  I 
did  not  see  any  boulders  of  far-transported  rocks  at 
the  Cape  of  Good  Hope,  or  on  the  eastern  and  western 
shores  of  Australia,  or  at  Van  Diemen's  Land.  In  the 
northern  island  of  New  Zealand^  I  noticed  some  large 
blocks  of  greenstone,  but  whether  their  parent  rock  was 
far  distant,  I  had  no  opportunity  of  determining. 
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DESCRIPTION  OF  FOSSIL  SHELLS, 

Bt  G.  B.  SOWERBY,  Esq.,  F.L.8. 


Shells  from  a  Tertiary  deposit,  beneath  a  great  basaltic 
stream,  at  St.  Jago  in  the  Cape  de  Yerde  Archipelago, 
referred  to  at  p.  6  of  this  volume. 

1.  LiTTOKiNA  PLA27AXIB.     O.  Sowerhy. 

Tettd  Buhovatd,  crassdy  UevigateLf  anfracttbm  quatuar,  9piraUthr 
itriatis ;  aperturd  gubowttd  ;  lahio  columeflari  irifimdque  parte 
m^actus  uUimi  planatis :  long.  0'6,  lot,  0*46,  poU, 

In  stature  and  neitrly  in  form  this  resembles  a  small  periwinkle ; 
it  differs,  howeyer,  yery  materially  in  having  the  lower  part  of  the 
last  yolution,  and  the  columellar  hp  as  it  were  cut  off  and  flattened, 
as  in  the  Purpurse.  Among  the  recent  shells  from  the  same  locality, 
is  one  which  greatly  resembles  this,  and  which  may  be  identical,  but 
which  is  a  yery  young  shell,  and  cannot  therefore  be  strictly  com- 
pared. 

2.  CEBiTHnnc  sasmMiL,    O.  Sowerby, 

Testd  chUmgo-turritd,  suhventricosd,  apice  subvlatOy  anfractihvs 
decern  leritbr  spiraWh'  striatiSj  primts  8erie.  um'cd  tuberculorum 
instrucfis,  intermediis  irreffulartt^r  obsolete  tvherculiferis,  ultimo 
Umg^  majori  absque  tuberculist  sulcis  duobus  ferh  basalibus  in- 
structo:  labH  extemimargine  intemointiis  crenulato:  long.  1*8, 
lot.  0-7,  poll. 

This  flpecies  resembles  so  nearly  one  of  the  shells  brought  to- 
gether by  Lamarck,  under  the  name  of  Oerithium  Vertagus,  that  at 
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first  sight  I  thought  it  might  be  identical  with  it ;  it  may  be  easily 
distinguished;  howeyer,  by  its  being  destitute  of  the  lold  in  the 
centre  of  the  columella  so  conspicuous  in  those  shells.  There  is 
only  one  specimen,  which  has  unfortunately  lost  the  lower  part  of 
the  outer  lipi  so  that  it  is  impossible  to  describe  the  form  of  the 
aperture. 

3.  Yentts  sncuLANS.     0,  Sowerby, 

Testd  rotundatd,  ventricosd,  UBviusculd,  crassd;  eostts  obttuiSf 
latiusculis,  concentriciSf  antic^  pasticeque  tuberculatim  aoltUis ; 
ared  cardiruUi  posticd  aUera  valva  latiusculd;  impresgione 
subumbonali  posited  circulari:  long,  1*8,  alt,  1'8,  lot,  1*5, 
poU, 

A  shell  which  is  intermediate  in  its  characters,  taking  its 
place  between  the  Venus  verrucosa  of  the  British  Channel  and  the 
V.  rosalina  of  Hamg  of  the  western  coast  of  Africa,  but  sufficiently 
distinguished  from  both  by  its  broad,  obtuse,  concentric  ribs,  which 
are  divided  into  tubercles  both  before  and  behind.  It  is  also  of  a 
more  circular  form  than  either  of  those  species. 

The  following  Shells,  from  the  same  bed,  as  far  as  they  can 
be  distinguished,  are  known  to  be  recent  species  : — 

4.  Purpura  Fucus. 

5.  Amphidesma.  australe.    Sowerby. 

6.  OONUS  VENULATTJS.     Lam. 

7.  FiSSURELLA  COARCTATA.      Ktnff. 

8.  Perna — two  odd  valves,  but  in  such  condition  that  it  can- 
not be  identified. 

9.  OSTREA  CORNTTCOPUE.      Lam, 

10.  Arc  A  ovATA.    Lam. 

11.  Patella  kigrita.    Budgin, 

12.   TURRITELLA   BICINOULATA  ?      Lam, 

13.  Strombus — too  much  worn  and  mutilated  to  be  identified. 

14.  HiPPONYX  RADIATA.     Gray, 

16.  Natica  uber.      Valenciennes. 

IG.  Pecten,  which  in  form  resembles  opercidartSf  but  which  is 
distinguishable  by  several  characters.  There  is  only  a  ain<?le  valve, 
wherefore  I  cannot  consider  myself  warranted  to  describe  it. 

17.  Pupa  subdiaphana.    iLuiy. 

18.  Trochus — indeterminable. 
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EXTINOT  LAND-SHELLS  FROM  ST.  HELENA. 

The  following  six  species  were  found  associated  together,  at 
the  bottom  of  a  thick  bed  of  mould  ;  the  last  two  species 
namely,  the  CocMogena  fossilis  and  Helix  bipliccUa  were 
found,  together  with  a  species  of  Succinea  now  living  on 
the  Island,  in  a  very  modem  calcareous  sandstone. 
These  Shells  are  referred  to  at  p.  101  of  this  volume. 

1.  OoCHLOeENA  AUBIS-VTTLPINA.     De  Fer, 

This  species  is  well  described  and  figuied  in  Martini  and  Chem- 
oiti's  eleventh  volume.  Ohenmitz  expresses  doubts  as  to  what 
ffenus  it  mi$rht  properly  be  referred,  ana  also  a  strong  opinion  un- 
Avoorable  to  the  conclusion  that  it  should  be  regarded  as  a  land- 
shell.  His  specimens  were  bought  at  apublic  auction  in  Hamburg, 
having  been  sent  there  by  the  late  Gr.  Humphrey,  who  appears 
to  have  been  very  well  acquainted  with  their  real  locality,  and  who 
sold  them  for  land-shells.  Ohenmitz,  however,  mentions  one  speci- 
men in  Spengler's  collection,  in  a  fresher  condition  than  his  own, 
and  which  was  said  to  be  from  Ohina.  The  representation  which  he 
has  (^ven  is  taken  from  this  individual,  and  appears  to  me  to  have 
been  only  a  cleaned  specimen  of  the  St.  Helena  shell.  It  is  easy  to 
suppose  that  a  shell  from  St.  Helena  might  have  been  either  acci- 
dentally or  interestedly,  after  passing  through  two  or  three  hands, 
sold  as  a  Chinese  shell.  I  think  it  is  not  possible  that  a  shell  of 
this  species  could  have  been  really  found  in  Ohina ;  and  among  the 
immense  quantities  of  shells  that  come  to  this  country  from  the 
Celestial  Empire,  I  have  never  seen  one.  Ohemnitz  could  not  bring 
himself  to  establish  a  new  genus  for  the  reception  of  this  remarkable 
shell,  though  he  evidently  could  not  collate  it  with  any  of  the  then 
known  genera,  and  though  he  did  not  think  it  a  land-shell,  he  has 
eaJled  it  Auri»-mdpina,  Lamarck  has  placed  it  as  the  second 
species  of  his  genus  StnUhiolarinj  under  the  name  of  crentUata, 
To  tlus  genus  it  does  not  however  bear  any  affinity  ;  and  there  can 
be  no  doubt  about  the  correctness  of  De  Ferussac's  views,  who 
places  it  in  the  fourth  division  of  his  sub-genus  CocMogena :  and 
Lamarck  would  have  been  correct,  according  to  his  own  principles, 
if  he  had  placed  it  with  his  Auricula.  A  variety  of  this  species 
occurs,  which  may  be  characterised  as  follows : — 

COCHLOGENA  ATJRIS-VIJLPIH^A,  Var. 

Tettd  subpyranUdalif  aperturd  hreviori,  lahio  tenuiori:  long,  1'68, 

aperturcB  0*76,  lat.  0*87,  poll. 

Obs. — The  proportions  of  this  differ  from  those  of  the  usual 
variety^  which  are  as  follows: — Length  1-66,  of  the  aperture  1*, 


; 


1 74  Appendix  to  Part  I. 

width  0'(^  inch.  It  is  worthy  of  observation,  that  all  the  shellB 
of  this  variety  came  from  a  difrerent  part  of  the  island,  from  the 
foregoing  specimens. 

2.  OooHLoeENA  F088ILI8.     0,  Sowerhy, 

Testd  chUmgd^  crassiusctddf  Sffird  subacuminatdj  chtvsd,  anfractibus 
seniSf  8ubventrico8i$,  leviter  itriatiSf  sufurd  profundi  impressd^ 
aperturd  ntbovata ;  peritremate  contmuOf  sMncrassato ;  umbUico 
parvo :  Umg,  0*8,  lot,  0'37,  poU, 

This  species  is  of  the  stature  of  C.  Guadaloupensis,  but  may 
easily  be  distinguished  by  the  form  of  the  volutions  and  the  deeply- 
marked  suture.  The  specimens  vary  a  little  in  their  proportions. 
This  species  was  not  obtained  by  Mr.  Darwin,  but  is  irom  the 
collection  of  the  Geological  Socie^. 

1.  OocHXicoPA  8UBPLICATA.     O,  Sowerhy. 

Tegtd  oblongd,  svhacuminato-pyramidaUy  apice  obtuso,  anfractibus 
novem  Uevibue,  posticb  iiWplicatiSf  mturd  crenulfttd ;  apeHurd 
ovatdy  postich  aeutd,  labio  e,vtemo  tenui;  coluvielld  obsolete  sub- 
ttmncatd ;  umbilico  minimo :  Umg,  O'O.'J,  lat.  0*28,  poll. 

This  and  the  following  are  placed  with  De  Ferussac's  sub-penus 
Cochlicopa,  because  they  are  most  nearly  related  to  his  Cochlicopa 
foUtcuIus.  As  species  they  are,  however,  both  perfectly  distinct, 
bein^  much  larger,  and  not  shining  and  smooth  like  C.  follindiis, 
which  is  found  in  the  South  of  Europe  and  at  Madeira.  Some  very 
young  shells  and  an  egg  were  found,  which  I  conjecture  to  belong 
to  this  species. 

2.  Cochlicopa  terebellum.     G.  Sowerby, 

Tegtd  oblongdy  qflindraceo-pyramidali,  apice  chtusiusculo,  anfracttbits 
septeniSf  Uevibus :  siUurd  postick  creniUatd ;  aperturd  ovalt, 
postich  acutdf  labio  eatemo  tenuis  anficb  declivi ;  columelld 
obsolete  truncatd,  utnbilico  minimo:  long.  0*77,  lat.  0-25, 
poll. 

This  species  differs  from  the  last  in  being  more  cylindrical,  and 
in  being  nearly  free,  when  full  grown,  from  the  obtuse  folds  of  the 
posterior  volutions,  as  well  as  in  the  form  of  the  aperture.  The 
young  shells  of  this  species  are  longitudinally  striated,  and  they 
have  some  very  obsolete  longitudinal  folds. 

1.  Helix  bilamellata.     G.  Sowerby. 

Testd  orbictdato-depressd,  spird  plami,  anfractibiat  scuisj  ultimo 
subtiis  V€nt)ico80y  supern^  angulan ;  umbilico  parvo ;  ajterturd 
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temHtmart,  wpemk  ea'tm  ang%datdy  labio  externa  tenui ;  intemo 
pi$ci$  duabus  spiralibus,  poeticd  majori:  Umg,  0'16,  lot,  0*33, 
poll 

The  young  shells  of  this  species  have  very  different  proportions 
from  those  marked  above,  their  axis  bein^  nearly  as  great  as  their 
width.  The  largest  specimen  is  white,  with  irregular  ferruginous 
lays.  This  is  very  diilerent  from  any  known  recent  species,  although 
there  are  several  to  which  it  appears  to  have  some  analogy,  such  as 
SeUx  eputylitmi  or  Cooktana^  and  H.  gularis :  in  both  of  these, 
liowever,  ti^e  internal  spiral  plaits  are  placed  within  the  outer  wall 
of  the  shell,  and  not  upon  the  inner  lamina,  as  in  Helix  bilameUata, 
There  is  another  recent  species,  which  is  somewhat  analogous  to 
this;  it  is  as  yet  undescribed,  and  differs  from  this  and  from 
Cookianay  in  the  circumstance  of  its  possessing  four  internal  spiral 
plaits,  two  of  which  are  placed  witliin  the  outer,  and  two  upon 
the  inner  wall  of  the  shell ;  it  was  brought  from  Tahiti,  in  the 
Seoffle. 

2.  Helix  polyodow.     G.  Sowerhy, 

Tettd  orbiculato'tvhdepressdj  anfractibus  sex,  rotundatis,  Hriaiis; 
aperturd  seniilunan,  labio  intemo  plicis  tribtis  spiralibu^,  posticis 
gradatim  majoribuSf  extemo  tniits  dentibtis  quinque  itist^'ucto ; 
umbilico  mediocri:  long,  0*07,  lot,  0'l6f  poll. 

This  is  somewhat  related  to  Helix  contoHa  of  De  Ferussac, 
'  Moll.  terr.  et  fluv.'  Tab.  61  A,  f.  2 ;  but  differs  from  it  in  several 
particulars. 

3.  IIeltx  bpubca.     G.  Sowerby, 

Tegtd  mborbiculari,  gpird  mbcanmded,  obtusd ;  anfractibus  qtiaiuor 
tumidiSj  mibstnatis ;  aperturd  mfrgndj  peritreniate  tenui ;  umbilico 
parvo,  profundo :  long,  0*1,  Uit.  O'lSf  poll. 

Easily  distinguished  from  Heliv  polgodon,  by  it6  wide,  toothless 
aperture. 

4.  IIelix  biplicata.     G.  Sowerby, 

Testd  orbiculato-depressd,  anfractibus  quinque  rotundatis,  gfriatis ; 
aperturd  semilunaH,  labio  intemo  plicis  duabus  spiraliJms,  posticd 
majori :  umbilico  magna:  long.  0*04,  lat.  O'lj poll. 

This  must  be  regarded  as  perfectly  distinct  from  Helir  bilameUatay 
on  account  of  its  form ;  its  umbilicus  is  much  larger,  its  spire  is  not 
flat,  nor  is  the  posterior  edge  of  each  volution  angular.  There  are 
specimens,  which  must  be  referred  to  this  species,  found  with  the 
foregoing  species,  and  with  the  Cochlogena  fossilis,  which  latter  is 
associated  with  a  living  Succinea,  in  the  modem  calcareous  sand- 
stone. 
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PAL/EOZOIO  SHELLS  FROM  VAN  DIEMEN'S  LAND, 

REFEBBED  TO  AT  P.   155  OF  THIS  YOLXJUE. 

1.  Pbodttcta  BUOATA. 

This  is  probably  the  same  species  with  that  named  Producta 
rugata  by  Phillips  ('  (Jeology  of  Yorkshire,'  part  ii.  plate  vii.  f.  10) : 
it  is,  however,  in  too  impertect  a  condition  to  allow  me  to  decide 
positively. 

2.  Pboducta  bbachttilsbus.     G,  Sowerhy. 

Prodtictaf  Testd  8M?'apezifot*mif  cofnpressd,  parte  mUicd  latiori,  Bub- 
hUohdy  posticd  angvLStiori,  lined  cardmali  hrevi. 

The  most  remarkable  characters  of  this  sp-  cies  are  the  shortness 
of  the  hinge-line,  and  the  comparative  width  of  the  anterior  part : 
its  outside  is  ornamented  with  small,  blunt  tubercles,  irregularly 
placed :  it  is  in  limestone,  of  the  ordinary  grey  colour  of  mountain 
limestone.  Another  specimen  which  I  suppose  to  be  an  impression 
of  the  inside  of  the  flat  valve,  is  in  stone,  of  a  light  rusty-brown 
colour.  There  is  a  third  specimen,  which  I  believe  to  be  the  im- 
pression of  the  inside  of  the  deeper  valve,  in  a  nearly  similar  stone, 
accompanied  by  other  shells. 

1.   SPnirFERA  8T7BRADIATA.       G.  SotCevhy. 

Spinferny  Testa  Usvissimdy  parte   mediand   lata,  radiis  lateralihiis 
utriiisque  lateris  paueisj  irwonspicuis. 

The  breadth  of  this  shell  is  rather  greater  than  its  length.  The 
rays  of  the  lateral  surfaces  are  very  few  and  indistinct,  and  the 
medial  lobe  is  uncommonly  large  and  wide. 


2.  Spirifera  rotxtndata  ?  Phillips's  *  Geology  of  Yorkshire,^ 

pi.  ix.  f.  17. 

Although  this  shell  is  not  exactly  like  the  figure  above  referred 
to,  it  would  perhaps  be  impossible  to  find  any  good  distinguishing 
character.  Our  specimen  is  much  distorted  ;  it  is,  moreover,  an 
example  of  that  sort  of  accidental  variation  that  shows  how  little 
dependence,  ought,  in  some  instances,  to  be  placed  upon  particular 
characters ;  for  the  radiating  ribs  of  one  side  of  one  valve  are  much 
more  numerous  and  closer  than  those  on  the  other  side  of  the  same 
valve. 
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3.  Spibifera  trapbzoidalib.     Q,  Sowerhy. 

S^nrtfera,  Teatd  subtetragond,  mediand  parte  profunddf  radm  rum' 
nulligf  BubincanspicmB ;  radiis  lateralUms  utrtusque  lateria  septem 
ad  acta  distinctis:  long,  1*6,  ht,  2',poU. 

There  are  two  specimens  of  this,  in  a  dark,  rusty,  gray  limestone, 
probably  bitmninous. 

Spibifeba  trapezoidalib,  var,  ?    O,  Sowerhy. 

Spirifera,  Testd  radiis  lateralibue  tripartitim  divisis,  Uneis  incrementi 
mUiquatis,  C€eteroquin  omniiib  ad  Spkiferam  trapezoidaiem 
wniiiimd. 

At  first  I  hesitated  to  unite  this  to  Spirifera  trapezoidalis,  but 
obeerving  that  at  the  commencement  the  radiating  ribs  were  simple, 
and  knowing  that  these  are  subject  to  variations,  I  have  thought  it 
beat  merely  to  distinguish  this  specimen  as  a  variety. 


There  are  several  other,  probably  distinct,  species  of  Spiriferss, 
but  as  these  are  only  caste,  it  is  obviously  impossible  to  give  the 
external  characters  of  the  species.  Since,  however,  they  are  very 
remarkable,  I  have  thought  it  advisable  to  give  a  name,  together 
with  a  short  description  of  each. 

4.  SpIBIPERA  PAT7CIC08TATA.      O.  SofoeHff/, 

Length  equal  to  about  two-thirds  of  its  breadth ;  ribs  few  and 
variable. 

6.  Spibifeba  Vespebtilio.     G.  Sotoerhy. 

l^eadth  more  than  double  its  length,  radiating  ribs  rather  laige, 
distinct,  and  not  niuuerous ;  posterior  inner  surface  covered  with 
distinct  punctulations  in  both  valves. 

6.  Spibifeba  avicula.     O,  Sowerhy. 

The  proportions  of  this  species  are  very  remarkable,  inasmuch 
as  it  appears  to  have  been  nearly  three  times  as  wide  as  it  is  long ;' 
the  laaiating  ribs  are  not  very  numerous,  and  the  internal  posterior 
surfiice  of  one  valve  alone  (the  large  valve)  has  been  punctulated. 
In  its  proportions  it  resembles  Phillips's  Spirifera  convoluta,'  but  as 
our  Sp.  avictda  is  only  a  cast  of  the  inside,  ite  proportions  are  not 
80  abnormal  as  thofe  of  Sp.  convoltita. 

A  specimen,  which  is  very  much  pressed  out  of  its  natural  shape^ 
but  which  still  appears  to  differ  pomewhat  in  ite  proportions,  shows 
not  only  the  cant  of  the  inside,  but  also  the  impression  of  the  out^ 
side ;  its  radiating  ribs  are  very  irregular,  ana  numerous,  but  it 
must  be  regarded  as  doubtful  whether  some  of  them  be  not  principal 
aod  others  only  interstitial :  their  irregularity  renders  in  impo^ibl^ 
to  decide. 

>  *  Geology  of  Yorkshire,'  part  ii.  plate  iz,  f.  7; 

N 
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DESCRIPTION  OP  SIX  SPECIES  OP  CORALS, 
FROM  THE  PALAEOZOIC  FORMATION  OF 
VAN  PIEMEN'S  LAND. 

By   W.  LONSDALE.  Esq.,   F.G.S. 


I.  Stenopora.  Tasxaiteeksis,  6p.  n.^ 

Branched,  branches  cylindrical^  variously  inclined  or  contorted; 
tubes  more  or  less  divergent;  mouths  oval,  divisional  ridges 
strongly  tuberculated ;  indications  of  successive  narrowing  in 
each  tube,  1 — 2. 

This  coral,  in  ite  general  mode  of  growth,  resembles  tHalamopora 
{Stenopora  ?)  tumtda,  (Mr.  Phillips,  *  Geol.  of  Yorkshire/  part  ii. 

SI.  1,  fig.  Q'2)^  but  in  the  form  of  the  mouth  and  other  structural 
etails  the  differences  are  very  great.  Stenopora  Tasinaniensis 
attains  considerable  dimer  sions,  one  specimen  being  4^  inches  in 
length  and  half  an  inch  in  diameter. 

The  branches  have  individually  great  uniformity  in  their  circum- 
ference, but  they  differ  with  respect  to  each  other  in  the  same  speci- 
men, and  there  is  no  definite  method  of  subdivision  or  direction 
of  growth.  The  extremities  are  occasionally  hollow;  and  one 
specimen,  about  1^  inch  in  length,  and  half  an  inch  in  breadth,  is 
crushed  completely  flat.  The  tubes,  in  the  best  exposed  cases,  have 
considerable  length,  springing  almost  solely  from  the  axis  of  the 
branch,  and  diverging  very  gently  till  they  nearly  reach  the  circum- 
ference, where  they  bend  outwards.  In  the  body  of  the  branch 
the  tubes  are  angular  from  lateral  interference ;  but,  on  approaching 
the  outer  sur&ce,  they  become  oval  in  consequence  of  the  inter- 
spaces produced  by  the  greater  divergence.  Their  diameter  is  very 
uniform  throughout,  with  the  exception  of  the  narrowings  near  the 
terminations  of  the  full-grown  tubes.    The  walls  in  the  interior  of 

*  Though  the  characters  of  this  genus  are  unpublished,  it  has  been 
thought  advisable  not  to  give  them  fuUy  in  this  notice,  a  very  few 
species  only  having  been  examined.  The  coral  is  essentially  composed 
of  simple  tubes,  variously  aggregated  and  radiating  outwards.  The 
mouth  is  round  or  oblong,  and  surrounded  by  projecting  walls,  having 
along  the  crest  a  row  of  tubercles.  The  mouth  originally  oval  is  gradu- 
ally narrowed  {rrti^ds)  by  a  bund  projecting  from  the  inner  wall  of  the 
tube,  and  is  finally  closed.  [Shortly  after  the  publication  of  the  first 
edition,  Mr.  Lonsdale  informed  me  that  he  believed  this  coral  ought  to 
have  been  included  in  the  genus  Thamnopora  of  Steininger.] 
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the  brancheB  were  apparently  very  tkin,  but  there  is  a  relatively 
considerable  thickness  of  matter  at  the  circumference.  No  traces 
of  transverse  diaphragms  have  been  noticed  within  the  tube*. 

Cases  illustrative  of  the  changes  to  maturity  and  final  oblitera- 
tion in  the  oval  termination  of  the  tubes  are  rare,  but  the  following 
have  been  observed.  Where  the  mouth  becomes  free  and  oval^  the 
walls  are  thin  and  sharp,  and  perpendicular  within  the  tube.  In 
some  cases  they  are  in  contact ;  but,  in  others,  they  are  separated 
by  grooves  of  variable  dimensions,  in  which  very  minute  foramina 
or  pores  may  be  detected.  As  the  mouth  approaches  towards 
maturity,  the  grooves  are  more  or  less  filled  up,  and  the  walls 
thicken,  a  row  of  very  minute  tubercles  being  discoverable  along 
the  crest  At  this  stage  the  inner  side  of  me  tube  ceases  to  l^ 
vertical,  being  lined  by  a  very  narrow  inclined  band.  The  mature 
mouths  are  separated  by  a  bold  ridge,  generally  simple,  but  not 
unfrequently  di\'ided  by  a  groove ;  the  double  as  well  as  the  single 
ridge  oeing  pmmounted  by  a  row  of  prominent  tubercles  almost 
in  contact  with  each  other.  Only  one  example  of  the  filling  up 
of  the  mouths  has  been  observed,  but  it  affords  satisfactory  evi- 
dence of  a  gradual  expansion  of  the  inner  band,  before  alluded  to, 
and  a  final  meeting  in  the  centre.  In  this  extreme  state,  there  is 
a  general  blending  of  detailu,  but  the  tubercles  are  for  the '  most 
part  distinct. 

In  this  species,  proofs  of  a  narrowing  of  the  mouth  previously 
to  the  formation  of  the  perfect  tube,  and  the  final  contraction,  are 
not  very  prominentlv  exhibited  in  the  long  cylindrical  straight 
branches ;  out  near  t&e  point  where  the  tubes  beut  outwards  there 
is  an  annular  indentation,  which  may  be  traced  successively  from 
cast  to  cast  in  a  lineal  direction,  parallel  to  the  surface ;  and  be* 
tween  the  prominent  narrowing  and  the  perfect  surface,  the  walls 
of  the  tubes  were  slightly  rugose.  In  another  short  branchy  be^* 
Jieved  to  belong  to  this  species,  but  in  which  the  tubes  diverged 
loutwards  very  rapidly,  the  narrowing  is  strongly  marked,  but  not 
to  an  equal  extent  tm'oughout  the  specimen. 

The  matrix,  in  which  the  fossil  is  imbedded,  is  a  coarse  calca- 
reous shale,  or  a  gray  limestone ;  and  in  which  occur  9\af>FefM8teUa 
mtemata,  &c. 

2.  Stenopora  ovata',  ^.  n. 

Branched^  branches  oval  /  ttibes  relatively  short ,  divergence  (freat  ; 
mouths  round ;  contractions  or  irregtUatnties  of  growth  nvr- 
merous. 

The  characters  of  this  species  have  been  very  imperfectly  ascer- 
tained. The  branches  are  not  uniformlv  oval,  even  in  apparently 
the  same  fragment.  The  tubes  diverged  rapidly  along  the  line  of 
the  major  axis,  and  had  but  a  very  limited  vertical  growth.  Their 
easts  exhibit  a  rapid  succession  of  irregularities  of  development. 
The  mouths,  as  far  as  they  can  be  determined,  were  round  or 
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•iigfa^  owl,  aad  Ike  dWidOng,  tdhereuhtod  ridgw  ihaip;  Wim 
CBOtegMaceof  Ike  outer  nn&ce  notbeiiif^  espMed,  tkev  psiset 
cheraAfffi,  end  the  cheages  inridaBtiJ  «poo  growth,  eonld  aot  be 


Tbe  eotal  ie  hnbeddwj  in  a  derk  gimj  limeetooe- 


L  FrnzBLiA  AXPUL,epL  n. 
Qip  tkaped;  eeOml^enm$  mafmte  imUrmml 

Umkedto  two,  tUUmate  :  trmmcerwe  c^mneetii 
timtet  eeOmlar  ;  tamer  Unftr  cf  mom^etUuiar  mtrfi 


Some  of  Ike  eeete  of  this  eorml  heTe  a  gvnefal  resemblaiiee  to 
FmmteOm  poUfporaim,  m  repreecnted  in  Oaptatn  Portlock  s  '  Repoit 
on  the  QeologT  of  LondondeRr/  ]J.  xxii.  A.  fig.  1  a,  1  d :  imt 
thoe  is  no  agreement  between  the  Van  Diemen  s  Land  foeral  and 
the  etmctnre  of  that  species  as  giTen  in  PL  xxiL  fig.  8,  of  die 
same  work,  or  in  Mr.  Pmllips's  original  fisruree.  *  Geologr  of  York- 
shire/ part  iL.  pL  L  figs.  19,  20.  A  general  re^semblaoce  also  exists 
between  FentiteUa  ampla  and  a  coral  obtained  by  Mr.  Mnrchison 
from  the  carboniferoas  limestone  of  Koasatchi  Datclii,  on  the  eastern 
flank  of  tbe  Ural  Mountains,  but  there  is  again  a  marked  di^reooe 
in  structural  details. 

FeneMteUn  ampla  attained  considerable  dimensions,  frasmentB 
apparentiT  of  one  specimen  corering  an  area  of  4^  inches  bv  3 
inches:  SLnd  it  displays  considerable  massiTenees  of  outline,  the 
branches  at  the  points  where  thej  dichotimoee  often  exceeding  the 
tenth  of  an  inch  in  breadth. 

In  the  general  a/*pect  of  the  coral  a  considerable  uniformitr  pre- 
vails, hot  the  branches  vary  in  breadth,  swellimr  out  trreatly  near  the 
bifurcations  ;  neyerthekes.  there  is  no  marked  difference  of  character 
between  the  baj>e  and  the  upper  part  of  the  cup,  even  in  the  number 
of  the  rows  of  cells. 

In  the  best  state  of  the  cellular  surface,  which  has  been  noticed, 
the  mouths  of  the  cells  are  relatiyelv  large,  round  or  oval,  and  are 
dedned  by  a  slightly  raised  margin :  and  an  undulating,  thread-like 
ridge  winds  between  them,  dividing  the  interspaces  into  lozenjre- 
shaped  areas.  The  rows  of  cells,  immediately  preceding  the  bifurca- 
tion, sometimes  amount  to  ten,  and  after  the  separation  geneiallT 
exceed  two.  The  mouths  of  the  lateral  rows  project  into  the 
meshes;  and  the  transverse  connecting  processes  are  sometime>s 
cellular.  The  interspaces  between  the  mouths,  as  well  as  the  un- 
dulating ridges,  are  granular,  or  very  minutely  tuberculated.  In- 
temally,  the  cells  exhibit  the  usual  oblique  arrangement,  overlaying 
each  other  and  terminating  abruptly  against  the  dorsal  part  of  the 
branch.    The  perfect  casts  of  the  cellular  surface  give  the  reverse 
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of  tlie  characters  Just  noticed,  but  more  generally  the  impressioiia 
display  scarcely  a  trace  of  any  other  structure  than  longitudinal 
rows  of  circular  mouths. 

On  the  inner  layer  of  the  non-cellular  surface,  twenty  well- 
marked  parallel  fibres,  with  intermediate  narrow  ffrooves  or  cone- 
3K>nding  casts,  may  sometimes  be  detected,  and  the  number  is 
ways  considerable.  The  mode  of  preservation  did  not  pennit  the 
true  nature  of  the  fibres  to  be  discovered,  but  in  consequence  of 
what  has  been  noticed  in  other  species,  it  is  inferred  that  they  are 
tabular.  Their  range  is  considerable,  but  in  the  specimen,  which 
exhibits  their  structure  most  fully,  they  are  fi^quently  cut  off  by 
dbfcular  foramina.  Their  perfect  surface  is  minutely  granular* 
Hie  outer  layer,  or  back  of  the  branches,  is  composed  of  an  uniform 
cnut  without  any  indications  of  fibres,  but  covered  with  numerous 
microscopic  papillse,  and  corresponding  pores  penetrating  the  sub- 
stance of  the  layer. 

The  only  indications  of  gemmuliferous  vesicles,  are  small  circular 
pits  occasionally  situated  over  the  mouth,  and  agreeing  in  position 
with  the  vesicles,  which  in  other  cellular  genera,  have  been  con- 
sidered as  gemmuliferous.  In  the  Russian  specimen  before  alluded 
to,  casts  01  similar  pits  are  very  uniformly  distributed  between  the 
casts  of  the  mouths. 

The  youngest  state  of  the  coral  has  not  been  noticed,  nor  have 
any  marked  changes  incident  upon  age,  except  the  gradual  thicken- 
ing of  the  non-cellular  surface,  by  the  coating  over  of  the  fibrous 
layer. 

The  matrix  of  the  specimens  is  a  dark  gray  splintery  or  an  earthy 
limestone. 

2.  Fenebtella  internata,  sp.  n. 

Cup-tihaped;  celluUferotis  surface  internal;  branches  dtchotimota^ 
compressedf  hre/rdth  variable ;  meshes  obUmg,  narrow ;  rotes  of 
cells  2 — 6,  divided  by  longitudinal  ridges  ;  transverse  connecting 
processes  short  without  cells:  non-cellular  surface,  inner  lager, 
sharplgjibrous,  outer  lager,  minutely  granular. 

By  the  delicacy  of  its  structure,  this  species  is  easily  distinguish- 
able n-om  Fen.  ampla ;  and  in  the  rows  of  cells  varying  from  two 
to  five,  as  well  as  in  their  mode  of  development,  there  are  further 
well-marked  differences.  It  appears  to  have  attained  considerable 
dimensions,  fragments  having  oeen  noticed  an  inch  and  a-half  in 
length  and  an  inch  in  breadth. 

The  branches  vary  in  width,  swelling  out  gradually  towards  the 
bifurcations,  but  without  any  alteration  in  the  form  or  size  of  the 
mefibes ;  and  as  far  as  the  state  of  the  specimens  will  permit  an 
opinion  to  be  formed,  no  marked  changes  occurred  during  the  deve- 
lopment of  the  cup,  except  one  about  to  be  noticed.  On  the  ceUu- 
liferous  surface  of  the  branches,  considerable,  but  imiform,  altera- 
tions take  place  between  the  successive  bifurcations.     For  a  short 
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dktMW  above  the  paini  of  Mpamtioii.  the  bmneh  is  nuroir  and 
tagatoy  and  tmvwaed  along  the  wnteB  pyaridge^  and  there  iionly 
one  row  of  oallnlar  monfehs  on  eaeh  ode.  Aa  the  Immdi  mnr^  w 
lidjjpB  widened,  and  nltimatefy  became  oeUolib^^ 
•pnifpng  ftom  its  ][ilaoe  (tuteniate).  The  tiuee  imnges  of  cellolar 
opemngs  are,  in  this  state  of  the  bnneh,  sepsntsd  bj  two  xidgea^ 
and  there,  as  the  derelopaient  advanced,  agfeon  widened  and  booune 
eellnlar,  ue  five  rows  being  divided  bj  four  ridges.  This  appeea 
to  be  tM  extreme  stiige  of  growth,  andwier  biteeationtsk^ 
immediately  after,  fitheeeiliestfonnedpertof  thecupomytwo 
or  three  raws  of  mooths  prevail  \  and  where  the  number  is  gzeater, 
a  certain  amount  of  irregwaritv  in  the  linear  airsngenient 
tiUe,  resulting  ftom  tl^  lateral  expansion  of  the  bnnch. 
.  Li  the  best  preserved  specimens,  tiie  montiiB  are  relatively  lane, 
round  <»  oval,  and  the  margin  is  du^tly  raised.  In  thendddle 
rows  thev  are  panllel,  or  neeny  ^aialtel,  and  in  the  direction  of  tiie 
axis  of  uie  Inanch;  but  in  the  side  rows  they  are  often  obl^uelj 
placed,  inclining  towards  the  meshes.  In  there  neariy  perfect  speci<* 
mens  tiie  dividing  ridges  are  thread-like  and  slightly  waveo,  but 
there  is  no  trace  of  the  lorenge-«haped  compartments  so  distinctly 
exhibited  in  FmeMia  amfia.  The  interspaces  between  the  mouths 
are  flat  or  slightly  convex.  In  specimens  less  finely  preserved,  or 
deprived  of  the  original  surface,  the  mouths  are  not  uniform  in  out- 
line, and  have  no  projectiiig  mamn.  The  diverging  ridges  are  also 
relatively  broader ;  and  the  whole  surface,  including  the  transverse 
connecting  processes,  is  granular  or  minutely  tuberculated. 

The  inner  layer  of  the  non-cellular  surfiice  is  sharply  fibrous,  and 
the  same  structure  may  be  more  or  less  clearly  detected  in  the 
transverse,  connecting  processes.  The  number  of  fibres  on  the 
branches  do  not  apparently  exceed  twelve,  and  thev  are  in  general 
less  numerous.  Their  range  is  considerable,  additional  ones  being 
interpolated  as  the  branch  widens ;  and  their  surfiice  is  minutely 
tuberculated.  No  separate,  circular  foramina  were  noticed.  The 
outer  layer  is  uniformly  granular,  where  competed,  but  every  inter- 
mediate state  ftom  the  sharply  fibrous  may  oe  traced  on  the  same 
specimen. 

No  distinct  proofe  of  gemmuliferous  vesicles  have  been  observed, 
hut  in  a  specimen,  which  is  believed  to  exhibit  impressions  of  this 
species,  there  are  occasionally  to  be  detected,  near  the  mouths, 
hemispherical  casts,  perfectly  rounded  on  the  surfiice,  and  evidently 
imconnected  immediately  widi  the  interior  of  the  cells,  and  which 
it  is  presumed  may  represent  those  vesicles.  FtfMstdia  intemata 
appears  to  be  an  abundant  fossil,  one  slab  nearly  ei^ht  inches  long 
and  six  wide,  being  covered  on  both  sides  wi&  ftagments  of  it, 
and  numerous  smaller  specimens  occur  in  the  collection.  The 
matrix  is  chiefly  a  coarse  grey  calcareous  shale,  but  it  is  sometimes 
a  splintery  limestone,  or  a  hud  ferruginous  or  light-coloured  clay- 
stone. 
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8.  Fksibbtklla  fosbulAi  sp.  n. 

Omp-^kaptdy  eeUuiiferovjs  wrface  internal:   branches  dichotimoui, 
slender ;  meshes  oval ;  rows  of  cells f  two  ;  transverse  processes 
nonrceUuiar ;  inner  layer  of  non-ceUuliferous  surface  minutely 
fibrous  ;  external  layer  smooth  or  granular. 

In  general  aspect  and  structural  details,  this  species  bears  a  great 
resemblance  to  JFenestellaJhtstracea  of  the  magnesian  limestone  of 
England  {Betepora  Jlustracea,  *  Geol.  Trans./  2nd  series,  vol.  iiL 

£1.  xu.  f.  8),  but  it  differs  from  it  in  the  peculiar  character  ex- 
ibited  in  the  cast  of  the  celluliferous  surface,  the  nature  of  which 
will  be  given  in  noticing  that  surface. 

The  principal  specimen  is  a  nearly  perfect  cup  1^  inch  in  height, 
snd  about  two  inches  across  the  widest,  compressed  part  There 
are  no  marked  variations  of  character,  but  occasionally,  irregu- 
larities of  growth,  due,  apparently,  to  accidents  during  progressive 
development 

The  following  details  have  been  obtained  from  casts,  no  perfect 
aarfiiM^  having  been  noticed. — The  branches  had  great  uniformity  of 
dimensions,  swelling  but  very  slightly  at  the  distant  points  of  bifur- 
cation, and  their  thickness  was  apparently  nearly  equal  to  their 
breaddi.  The  cast  of  the  cellular  surface  is  traversed  along  the 
centre  by  a  sharp  narrow  trench  (fosstUa),  with  nearly  vertical 
sides,  the  distinguishing  character  between  this  species  and  Fen, 
fiustracea.  The  cylindrical  casts  of  the  mouths,  or  the  interior  of 
the  cells,  are  arranged  in  a  single  row  on  each  side  of  the  trench, 
and  no  increase  of  number  is  clearly  perceptible  at  the  bifurcations. 
Along  the  centre  of  the  trench  is  a  row  of  indentations  or  minute 
conical  pits,  a  character  noticeable  in  other  species,  particularly  in 
Fen,  fiustracea.  They  are  plainlv  not  casts  of  cellular  openings, 
but  of  relatively  large  papillae.  'Traces  of  such  projections  have 
also  been  noticed  in  several  other  instances. 

The  mouths  of  the  cells,  in  the  minute  fragment  which  has  been 
obtained  exhibiting  them,  are  large,  round,  slightly  projecting,  and 
not  very  distant,  and  in  the  same  atom  is  an  imperiect  keel.  The 
remains  of  the  non-cellular  surface  exhibit  no  characters  requiring 
notice,  but  indications  of  a  striated  and  smooth  layer  have  been 
observed. 

The  two  specimens  which  afforded  these  structural  details  have 
a  matrix  of  dark -coloured,  hard  limestone. 

ITexitrtpa.  sexangxtla,  sp.  n. 
Net-work  fine,  he:vagonal ;  meshes  round  in  double  rows. 

The  coral  to  which  the  above  inefficient  characters  are  applied, 
is  imbedded  in  the  shaly  surface  of  a  dark^  hard  limestone.    It  is 
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about  an  inch  in  breadth  and  half  an  inch  in  height,  and  consistB  of 
two  layers  of  net-work, — one  presenting  quadrangular  meshes,  and 
the  other  hexaffonal,  with  a  round,  inner  area ;  and  over  a  consider- 
able part  of  tne  specimen,  the  quadrangular  net-work  has  been 
removed,  whereby  tiie  connexion  of  the  two  structures  is  perfectly 
exposed. 

This  fossil  is  believed  to  agree  completelyin  its  essential  generic 
characters  with  those  of  Hemitrypa  ('  Pal.  Poss.  Cornwall,'  p.  27), 
but  its  state  of  preservation^  and  some  facilities  afforded  by  it  for 
determining  structural  details,  have  le4  to  an  inference  respecting 
its  nature  somewhat  different  from  that  given  in  the  work  just 
quoted. 

The  inner  surface  of  Hemitrypa  oculata  {loc.  cit.)  is  described  as 
'  marked  with  radiating  ridges,'  having  intervening  ^  oval  depres- 
sions, which  penetrate  only  half  through  the  substance  of  the  coral, 
and  nowhere  reach  the  outer  surface.'  The  equivalent  portion  of 
the  Van  Diemen's  Land  specimen  agrees  perfectly  with  this  state- 
ment, except  in  the  form  of  the  meshes  or  depressions ;  it  is,  how- 
ever, not  merely  ^  like  some  Penestellee,'  but  it  possesses  all  the 
essential  characters  of  that  genus,  and  is  believed  to  be  a  fragment 
of  Fen.  fossula.  This  inference  is  drawn  from  a  minute  portion 
mechanically  detached,  and  which  exhibited  a  row  of  large,  round, 
projecting,  cellular  mouths.  The  external  surface  of  Hem.  oculata 
IS  described  as  *  wholly  covered  with  numerous  round  pores  or 
cells  * — *  associated  in  double  rows,'  and  the  corresponding  portion 
of  Hem,  Bexang^da  has  been  ascertained  to  consist  also  of  a  similar 
surface  of  double  rows  of  round  meshes  or  *  pores,'  but  with  hexa- 
gonal boimdaries  ;  and  they  are  shown,  as  exhibited  by  the  speci- 
men in  its  imbedded  state,  to  penetrate  to  the  surface  of  the  Fene- 
stella  or  quadrangidar  net- work. 

These  details  are  conceived  to  be  sufficient  to  establish  a  generic 
agreement  between  the  Van  Diemen's  Land  coral  and  Hemitrypa 
oculata ;  and  an  examination  of  an  Irish  specimen  of  that  genus 
has  fully  confirmed  the  structural  details  exhibited  in  the  *  inner 
surface  of  the  specimen  to  which,  provisionally,  the  name  of  Hemi- 
tfypa  sexangula  is  applied. 

Of  the  true  nature  of  the  *  external '  net-work  no  opinion  is 
ventured.  It  is  formed  almost  entirely  of  dark  gray,  calcareous 
matter,  filling  apparently  an  originally  cellular  stnicture ;  but  there 
are  also  a  few  small  patches  of  the  outer  covering,  consisting  of  an 
opaque  white  crust  on  the  surface,  which  was  originally  in  contact 
with  the  external  net-work.  That  it  was  a  parasite  little  doubt 
is  entertained  ;  and  the  interesting  agreement  between  the  space 
occupied  by  the  double  row  of  meshes,  and  that  of  the  parallel 
branches  of  the  Fenestella,  arises  apparently  from  the  latter  having 
afforded  suitable  base  lines  for  attachment.  In  the  Van  Diemen's 
Land  specimen,  the  agreement  is  marked  by  an  increased  breadth  in 
the  net-work,  and  by  a  row  of  projecting  points.  There  is  also  a  re- 
markable agreement  between  tne  arrangement  of  the  mouths  of  the 
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Fenestella  and  the  meshes  of  the  '  inner '  net- work.  Similar  con- 
foimities  are  admirably  shown  in  Mr.  Phillips's  excellent  figures 
('  lU.  Foss.'  pi.  xiiL  f.  38). 

The  solid  portions  of  the  structure  being  exceedingly  fine,  resem- 
bling the  thread  of  the  most  delicate  ]bciq,  attempts  to  ^scorer  sati»* 
^ctorilj  internal  characters  proved  unsuccessful^except  in  one  l^laoe. 
where  a  true  cellular  airangement  was  believed  to  be  visible.^ 
Of  the  nature  of  the  investing  crust,  nothing  also  has  been  detez^ 


Though  the  name  HemitiTpa  may  be  objectionable,  as  applied 
to  the  c(»als  under  consideration,  it  has  been  thought  right  to  re- 
tain the  word,  imtil  the  full  characters  of  the  genus  &aS\.  have 
been  ascertained. 

FiXMOUTB,  January  1844. 


>  A  CodriDgton  lens,  balf-an-inch  in  diameter,  was  inrariablj  used 
io  examining  the  corals  described  in  this  notice. 
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CHAPTER   VIIL 

ON    THE   ELEVATION    OF   THE  EASTERN   COAST   OF   SOUTH 

AMERICA. 

praised  Shells  of  La  Plata— Bahi  Blanco,  Sand-dunes  and  Pumioe' 
pebbles — Step-formed  Plains  of  Patagonia,  with  upraised  Shells — 
Tfrrace-bounded  Valley  of  Santa  Cruz,  formerly  a  SeU'StraU-^Up- 
raised  Shells  of  Tierra  del  Fuego — Length  and  breadth  of  the  elevated 
area — Equability  of  the  movements,  as  shown  by  the  similar  heights  of 
the  plains — Slowness  of  the  eUvatory  process — Mode  of  formation  of 
the  step-formed  plains — Summary — Great  Shingle  Formation  of  Pata- 
gonia  \  its  extent,  origin,  and  distribution — Formation  ofseordiffs. 

i  the  following  Part,  which  treats  of  the  geology  of 
>uth  America,  and  almost  exclusively  of  the  parts 
•uthward  of  the  Tropic  of  Capricorn,  I  have  arranged 
le  chapters  according  to  the  age  of  the  deposits,  occa- 
Diially  departing  from  this  order,  for  the  sake  of  geo- 
*aphical  simplicity. 

The  elevation  of  the  land  within  the  recent  period, 
id  the  modifications  of  its  surface  through  the  action 
'  the  sea  (to  which  subjects  I  paid  particular  attention) 
ill  be  first  discussed  ;  I  will  then  pass  on  to  the  tertiary 
jposits,  and  afterwards  to  the  older  rocks.  Only  those 
stricts  and  sections  will  be  described  in  detail  which 
>pear  to  me  to  deserve  some  particular  attention ;  and 
will,  at  the  end  of  each  chapter,  give  a  summary  of 
le  results.  We  will  commence  with  the  proofs  of  the 
pheaval  of  the  eastern  coast  of  the  continent,  from 
le   Kio  Plata  southward ;   and,  in  the  next  chapter, 
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•  follow  up  the  89une  Bubject  along  the  shores  of  Chile  and 
Peru. 

On  the  northern  bank  of  the  great  estuary  of  the 
Sio  Plata,  near  Maldonado,  I  found  at  the  head  of  a 
lake,  sometimes  luraokish  but  generally  containing  fresh 
water,  a  bed  of  muddy  clay,  six  feet  in  thickness,  with 
numerous  shells  of  species  still  existing  in  the  Plata^ 
namely,  ttie  Azara  labiata,  d^Orbig.,  fragments  of 
MytHua  eduZiformiSj  d'Orbig.,  PaZudestrina  habeUei^ 
d'Orbig.,  and  the  Solen  Ca/nbcBuSf  Lam.,  which  last  was 
embedded  vertically  in  the  position  in  which  it  ha4 
lived.  These  shells  lie  at  the  height  of  only  two  feet 
above  the  lake,  nor  would  they  have  been  worth  mention- 
ing, except  in  connection  with  analogous  facts. 

At  Monte  Video,  I  noticed  near  the  town,  and  along 
the  base  of  the  mount,  beds  of  a  living  Mytilus,  raised 
some  feet  above  the  surface  of  the  Plata :  in  a  similar 
bed,  at  a  height  from  thirteen  to  sixteen  feet,  M.  Isabelle 
collected  eight  species,  which,  according  to  M.  d'Or^ 
bigny,^  now  live  at  the  mouth  of  the  estuary.  At 
Colonia  del  Sacramiento,  further  westward,  I  observed 
at  the  height  of  about  fifteen  feet  above  the  river,  there 
of  quite  fresh  water,  a  small  bed  of  the  same  Mytilus, 
which  lives  in  brackish  water  at  Monte  Video.  Near 
the  mouth  of  Uruguay,  and  for  at  least  thirty-five  miles 
northward,  there  are  at  intervals  large  sandy  tracts, 
extending  several  miles  from  the  banks  of  the  river, 
Jbut  not  raised  much  above  its  level,  abounding  with 
Umall  bivalves,  which  occur  in  such  numbers  that  a| 
the  Agraciado  they  are  sifted  and  burnt  for  lime. 
Those  which  I  examined  near  the  A.  S.  Juan  were  much 
worn:  they  consisted  of  Mactra  laabellei,  d'Orbig., 
mingled  with  few  of  VentLS  simwaa.  Lam.,  both  in- 

'  *  Vojrage  dans  rAmiri^ne  liiai. :  Put.  Qiolog.'  p.  21. 
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labiting,  as.  I  am  informed  by  M.  d'Orbigny,  brackish 
ivater  at  the  mouth  of  the  Plata,  nearly  or  quite  as  salt 
18  the  open  sea.  The  loose  sand,  in  which  these  shells 
ure  packed,  is  heaped  into  low,  straight,  long  lines  of 
lunes,  like  those  left  by  the  sea  at  the  head  of  many 
bays.  M.  d^Orbigny  has  described  ^  an  analogous  phe- 
nomenon on  a  greater  scale,  near  San  Pedro  on  the 
river  Parana,  where  he  found  widely  extended  beds  and 
hillocks  of  sand,  with  vast  numbers  of  the  Azara 
labiata^  at  the  height  of  nearly  100  feet  (English) 
above  the  surface  of  that  river.  The  Azara  inhabits 
brackish  water,  and  is  not  known  to  be  found  nearer  to 
San  Pedro  than  Buenos  Ay  res,  distant  above  100  miles 
in  a  straight  line.  Nearer  Buenos  Ayres,  on  the  road 
from  that  place  to  San  Isidro,  there  are  extensive  beds, 
as  I  am  informed  by  Sir  Woodbine  Parish,^  of  the  Azara 
labiata,  lying  at  about  forty  feet  above  the  level  of  the 
river,  and  distant  between  two  and  three  miles  from  it. 
These  shells  are  always  found  on  the  highest  banks  in 
the  district :  they  are  embedded  in  a  stratified  earthy 
mass,  precisely  like  that  of  the  great  Pampean  deposit 
hereafter  to  be  described.  In  one  collection  of  these 
shells,  there  were  some  valves  of  the  Veiius  sinuosa, 
Lam.,  the  same  species  found  with  the  Mactra  on  the 
banks  of  the  Uruguay.  South  of  Buenos  Ayres,  near 
Ensenada,  there  are  other  beds  of  the  Azara,  some  of 
which  seem  to  have  been  embedded  in  yellowish,  cal- 
careous, semi-crystalline  matter ;  and  Sir  W.  Parish 
has  given  me  from  the  banks  of  the  Arroyo  del  Tristan, 
situated  in  this  same  neighbourhood,  at  the  distance  of 
ibove  a  league  from  the  Plata,  a  specimen  of  a  pale- 
reddish,  calcareo-argillaceous  stone  (precisely  like  parts 
rf  the  Pampean  deposit,  the  importance  of  which  fact 

1  '  Voyage  dans  rAm^riqne  M^rid. :  Part.  G^Iog.'  p.  43. 
'  '  Buenos  Ayres/  &c.,  by  Sir  Woodbine  Parish,  p.  16S. 
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will  be  refened  to  in  a  snooeeding  chapter),  aboanding 
^ith  flhelli  of  an  Ama,  much  worn,  but  whicdi  in 
general  form  and  appeaianoe  oloeely  retemUe,  and  am 
probably  identical  with,  the'il.  labiata.  Benidee  tiieae 
Aelli,  cellalar,  highly  ciyBtalliAe  rook,  formed  of  the 
cute  of  small  biTalvet,  iii  found  near  Enaenada ;  and 
Ukewiae  beds  of  searehells,  which  from  their  appearance 
appear  to  have  lain  on  the  Bor&ce.  Sir  W.  Parish  haa 
given  me  some  of  these  shells,  and  M.  d'Orbigny  pro* 
nonnces  them  to  be, 


1.  BufldiMmoPi       fl^obnlotiuii, 

d*QrUg. 
S.  OUf»neiTUriaMiricolaTU,  do. 
3.  Yannf  flttmoM.  Lam. 


4.  (Mbtnttk  QmpntKt), 

6.  MBOtn  iMbellei,  d^OMg, 

5.  Ortrea  pqlehaila,  do. 


Besides  these, Sir  W.  Parish  procured^  (as  named 
by  Mr.  Or,  B.  Sowerby)  the  following  shells : — 

7.  Voluta  cdlocjiithis.  t      9.  Boccinom  (not  spec.  ?). 

•8.  y.        angnlata.  | 

All  these  species  (with,  perhaps,  the  exception  of 
the  last)  are  recent,  and  live  on  the  South  American 
coast.  These  shell-beds  extend  from  one  league  to  six 
leagues  from  the  Plata,  and  must  lie  many  feet  above 
its  leveL  I  heard,  also,  of  beds  of  shells  on  the  Som* 
borombon,  and  on  the  Hio  Salado,  at  which  latter  f 
pjiace,  as  M.  d'Orbigny  informs  me,  the  Mactra  hahdUi 
aud  Venus  sinuoaa  are  found.  * 

During  the  elevation  of  the  Provinces  of  La  Plata,  .  < 
the  waters  of  the  ancient  estuary  have  but  little  affected  t ' 
(with  the  exception  of  the  sand-hills  on  the  banks  of  •  p 
the  Parang  and  Uruguay)  the  outline  of  the  land.  * 
M.  Parchappe,'  however,  has  described  groups  of  sand-  j  n 
dunes  scattered  over  the  wide  extent  of  the  Pampas  '  f 

>  *  Buenos  Ayres/  &c,  by  Sir  W.  Parish,  p.  1 6S.  |  d 

>  D'Orbigny's  *  Voyage,  Qtolog.'  p.  44. 
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southward  of  Buenos  Ayres,  which  M.  d'Orbigny  attri- 
butes with  much  probability  to  the  action  of  the  sea, 
before  the  plains  were  raised  above  its  level.* 

Southward  of  the  Plata. — The  coast  as  far  as  Bahia 
Blanca  (in  lat.  39°  S.)  is  formed  either  of  a  horizontal 
range  of  cliffs,  or  of  immense  accumulations  of  sand- 
dunes.  Within  Bahia  Blanca,  a  small  piece  of  table- 
land, about  twenty  feet  above  high-water  mark,  called 
Punta  Alta,  is  formed  of  strata  of  cemented  gravel  and 
of  red  earthy  mud,  abounding  with  shells  (with  others 
lying  loose  on  the  surface),  and  the  bones  of  extinct 
mammifers.  These  shells,  twenty  in  number,  together 
with  a  Balanus  and  two  corals,  are  all  recent  species, 
still  inhabiting  the  neighbouring  seas.  They  will  be 
enumerated  in  the  eleventh  Chapter,  when  describing 
the  Pampean  formation ;  five  of  them  are  identical 
with  the  upraised  ones  from  near  Buenos  Ayres.  The 
northern  shore  of  Bahia  Blanca  is,  in  main  part,  formed 

'  Before  proceeding  to  the  districts  southward  of  La  Plata,  it  may 
be  worth  while  just  to  state,  that  there  is  some  evidence  that  the 
const  of  Brazil  has  participated  in  a  small  amount  of  elevation.  Mr. 
Burchell  informs  me,  that  he  collected  at  Santos  (lat.  24®  S.)  ojster- 
sbells,  apparently  recent,  some  miles  from  the  shore,  and  quite  above  the 
tidal  action.     Westward  of  Rio  de  Janeiro,  Capt.  Elliot  is  asserted  (see 

I    Harlan,  *  Med.  and  Phys.  Kes.,'  p.  35,  and  Dr.  Meigs,  in  '  Trans.  Amer. 

I  Phil.  Soc.'),  to  have  found  human  bones,  encrusted  with  sea-shells,  be- 
tween fifteen  and  twenty  feet  above  the  level  of  the  sea.  Between  Rio 
de  Janeiro  and  Cape  Frio  I  crossed  sandy  tracts  abounding  with  sea- 
shells,  at  the  distance  of  a  league  from  the  coast ;  but  whether  these 
tracts  have  been  formoil  by  upheaval,  or  through  the  mere  accumulation 
.  I  of  drift  sand,  I  am  not  prepared  to  assert.  At  Bahia  (lat.  13°  S.),  in 
some  parts  near  the  coast,  there  are  traces  of  sea-action  at  the  height 
of  about  twenty  feet  above  its  present  level ;  there  are  also,  in  many 
parts,  remnants  of  beds  of  sandstone  and  conglomerate  with  numerous 
recent  shells,  raised  a  little  above  the  sea-level.  I  may  add,  that 
at  the  head  of  Bahia  bay  there  is  a  formation,  about  forty  feet  in 
thickness.  Containing  tertiary  shells  apparently  of  freghr.water  origin, 
now  washed  by  the  sea  and  encrusted  with  Balini  this  appears  to 
indicate  a  small  amount  of  subsidence  subsequent  to  its  deposition.  At 
Pemambuco  (lat.  8°  S.),  in  the  alluvial  or  tertiary.  cliflTs,  surrounding 
the  low  land  on  which  the  city  stands,  I  looked  in  vain  for  organic 
remains,  or  other  evidence  of  changes  in  level. 
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of  immenfle  niid-daiiesy  lestiiig  oa  gnvel  with  reomt 
BhellB,  and  ranging  in  lines  purallel  to  the  ihore.  Tbeee 
ranges  are  separated  fipcm  each  other  fay  flat  spaces, 
composed  of  stiff  impoie  red  day,  in  which,  at  the 
distance  of  about  two  miles  from  the  coast,  I  found  by 
digging,  a  few  minute  firagments  of  sea-ehdli.  The 
sand-dunes  extend  sev^al  miles  inland,  and  stand  on  a 
|dain,  which  slopes  up  to  a  height  of  between  one  and 
two  hundred  feet.  Numerous,  small,  well  rounded 
pebbles  of  pumice  lie  scattered  both  on  the  plain  and 
fand-hillocks :  at  Monte  Hermoso,  on  the  flat  summit 
of  a  cli£E^  I  found  many  of  them  at  a  height  of  120  feet 
(angular  measurement)  above  the  level  of  the  sea. 
These  pumice  pebbles,  no  doubt,  were  originally  brought 
down  from  the  Cordillera  by  the  rivers  which  cross  the 
continent,  in  the  same  way  as  the  river  Negro  anciently 
brought  down,  and  still  bring»  down,  pumice,  and  as 
the  river  Chupat  brings  down  scorisB:  when  once 
delivered  at  the  mouth  of  a  river,  they  would  naturally 
have  travelled  along  the  coasts,  and  been  cast  up,  dur-. 
ing  the  elevation  of  the  land,  at  different  heights.  The 
origin  of  the  argillaceous  flats,  which  separate  the 
parallel  ranges  of  sand-dunes,  seems  due  to  the  tides 
here  having  a  tendency  (as  I  believe  they  have  on  most 
shoaly4>rotected  coasts)  to  throw  up  a  bar  parallel  to 
the  shore,  and  at  some  distance  from  it;  this  bar 
gradually  becomes  larger,  affording  a  base  for  the 
accumulation  of  sand-dunes,  and  the  shallow  space 
within  then  becomes  silted  up  with  mud.  The  repe- 
tition of  this  process,  without  any  elevation  of  the  land, 
would  form  a  level  plain  traversed  by  parallel  lines  of 
sand-hillocks ;  during  a  slow  elevation  of  the  land,  the 
hillocks  would  rest  on  a  gently  inclined  surface,  like 
that  on  the  northern  shore  of  Bahia  Blanca.  I  did  not 
observe  any  shells  in  this  neighboiu*hood  at  a  greater 
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height  than  twenty  feet ;  and  therefore  the  age  of  the 
eeardrifbed  pebbles  of  pumice,  now  standing  at  the  height 
of  120  feet,  must  remain  uncertain. 

The  main  plain  surrounding  Bahia  Blanca  I  esti- 
mated at  from  200  to  300  feet;  it  insensibly  rises 
towards  the  distant  Sierra  Ventana.  There  are  in  this 
neighbourhood  some  other  and  lower  plains,  but  they 
do  not  abut  one  at  the  foot  of  the  other,  in  the  manner 
hereafter  to  be  described,  so  characteristic  of  Patagonia. 
The  plain  on  which  the  settlement  stands  is  crossed  by 
many  low  sand-dunes,  aboimding  with  the  minute  shells 
of  the  Poludeatrvrva  auatralis,  d'Orbig.,  which  now 
lives  in  the  bay.  This  low  plain  is  boimded  to  the 
south,  at  the  Cabeza  del  Buey,  by  the  cliff-formed 
margin  of  a  wide  plain  of  the  Pampean  formation, 
which  I  estimated  at  sixty  feet  in  height.  On  the 
summit  of  this  cliff  there  is  a  range  of  high  sand-dunes 
extending  several  miles  in  an  east  and  west  line. 

Southward  of  Bahia  Blanca,  the  river  Colorado 
flows  between  two  plains,  apparently  from  thirty  to 
forty  feet  in  height.  Of  these  plains,  the  southern  one 
slopes  up  to  the  foot  of  the  great  sandstone  plateau  of 
the  Rio  Negro ;  and  the  northern  one  against  an  escarp- 
ment of  the  Pampean  deposit ;  so  that  the  Colorado 
flows  in  a  valley  fifty  miles  in  width,  between  the  upper 
escarpments.  I  state  this,  because  on  the  low  plain  at 
the  foot  of  the  northern  escarpment,  I  crossed  an  im- 
mense accumulation  of  high  sand-dunes,  estimated  by 
the  Gauchos  at  no  less  than  eight  miles  in  breadth. 
These  dimes  range  westward  from  the  coast,  which  is 
twenty  miles  distant,  to  far  inland,  in  lines  parallel  to 
the  valley;  they  are  separated  from  each  other  by 
argillaceous  flats,  precisely  like  those  on  the  northern 
shore  of  Bahia  Blanca.  At  present  there  is  no  source 
whence  this  immense  accumulation  of  sand  could  pro- 

o  2 
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ceed ;  but  if^  as  I  believe,  the  upper  eBcarpmente  onoe 
formed  the  shorei  of  an  ertuarj,  in  that  ease  tbe  Rand- 
stone  formation  of  the  riyer  Negro  would  have  afforded 
an  inezbauirtible  supply  of  sand,  which  would  naturally 
have  accumulated  on  the  northern  shore,  as  on  every 
part  of  the  coast  open  to  the  south  winds  between  Bahia 
Bhmca  and  Buenos  Ayres. 

At  San  Bias  (40^  40"  &),  a  UtUe  south  of  the 
mouth  of  the  Colorado,  IL  d'Qrbigny  *  found  fourteen 
spedes  of  existing  shells  (six  of  them  identical  with 
those  from  Bahia  Blanca),  embedded  in  their  natural 
positions.  From  the  zone  of  depth  which  these  shells 
are  known  to  inhabit,  they  must  have  been  uplifted 
thirty-two  feet.  He  also  found,  at  from  fifteen  to 
twenty  feet  above  this  bed,  the  remains  of  an  ancient 
beach. 

Ten  miles  southward,  but  120  miles  to  the  west,  at 
Port  S.  Antonio,  the  Officers  employed  on  the  Survey 
assured  me  that  they  saw  many  old  sea-shells  strewed 
on  the  surface  of  the  ground,  similar  to  those  found  on 
other  parts  of  the  coast  of  Patagonia.  At  San  Josef, 
ninety  miles  south  in  nearly  the  same  longitude,  I  found, 
above  the  gravel,  which  caps  an  old  tertiary  forma- 
tion, an  irregular  bed  and  hillocks  of  sand,  several  feet 
in  thickness,  abounding  with  shells  of  Patella  dea/uritOj 
Mytilus  Magelianicua,  the  latter  retaining  much  of  its 
colour;  Fvsna  Magellanicua,  (and  a  variety  of  the  same) 
and  a  large  Balanus  (probably  B.  Tulipa\  all  now  found 
on  this  coast :  I  estimated  this  bed  at  from  eighty  to 
one  hundred  feet  above  the  level  of  the  sea.  To  the 
westward  of  this  bay,  there  is  a  plain  estimated  at  be- 
tween 200  and  300  feet  in  height :  this  plain  seems, 
from  many  measurements,  to  be  a  continuation  of  the 
sandstone  platform   of  the  river  Negro.     The  next 

I  'Voyage^*  &e. p. 5 1. 
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place  southward,  where  I  landed,  was  at  Port  'Desire, 
340  miles  distant ;  but  from  the  intermediate  districts 
I  received,  through  the  kindness  of  the  Officers  of  the 
Survey,  especially  from  Lieut.  Stokes  and  Mr.  King, 
many  specimens  and  sketches,  quite  sufficient  to  show 
the  general  uniformity  of  the  whole  line  of  .coast.  I 
may  here  state,  that  the  whole  of  Patagonia  consists  of 
a  tertiary  formation,  resting  on  and  sometimes  sur- 
rounding hills  of  porphyry  and  quartz :  the  surface  is 
worn  into  many  wide  valleys  and  into  level  step-formed 
plains,  rising  one  above  another,  all  capped  by  irregular 
beds  of  gravel,  chiefly  composed  of  porphyritic  rocks. 
This  gravel  formation  will  be  separately  described  at 
the  end  of  the  chapter. 

My  object  in  giving  the  following  measurements 
of  the  plains,  as  taken  by  the  Officers  of  the  Survey, 
is,  as  will  hereafter  be  seen,  to  show  the  remarkable 
equability  of  the  recent  elevatory  movements.  Round 
the  southern  parts  of  Nuevo  Gulf,  as  far  as  the  River 
Chupat,  (seventy  miles  southward  of  San  Josef)  there 
appear  to  be  several  plains,  of  which  the  best  defined 
are  here  represented. 

No.  15. 
Section  of  Step-formed  Plains  Sonth  of  Nnero  Gulf. 

850  ft.  An.  M.  200-220  An.  If.  80  EsL 


I ^ ' ^ 

Wert.   ' ^    East. 

Level  of  sea.    Scale  ^  of  inch  to  100  feet  vertical. 

N.B.— An.  M.  always  stands  for  ajigular  or  trigonometrical  measorement. 
Ba.  M.  „  bart)mctiicAl  meafinrement. 

Est.  „  estimation  by  the  Officers  of  the  Survey. 

The  upper  plain  is  here  well  defined  (called  Table 
Hills) ;  its  edge  forms  a  cliff  or  line  of  escarpment 
many  miles  in  length,  projecting  over  a  lower  plain. 
The  lowest  plain  corresponds  with  that  at  San  Josef 
with  the  recent  shells   on  its  surface.     Between  this 


lowest  and  the  uppermost  plain,  there  is  probahly  more 
than  one  step-formed  t«rrace :  several  measurements 
dhow  the  existence  of  the  intermediate  one  of  the  height 
given  in  the  diagram. 

Near  the  north  headland  of  tlie  great  Bay  of  St. 
George  (100  miles  south  of  the  Chupat),  two  well 
marked  plains  of  250  and  330  feet  were  measured : 
these  are  said  to  sweep  roimd  a  great  part  of  the  Bay. 
At  its  south  headland,  120  miles  distant  from  the  north 
headland,  the  250  feet  plain  was  again  measured.  In 
the  middle  of  the  bay,  a  higher  plain  was  found  at 
two  neighbouring  places  (Tilli  Roads  and  C.  Marques} 
to  be  580  feet  in  height.  Aljove  this  plain,  towards 
the  interior,  Mr.  Ht.okea  informs  me  that  there  were 
several  other  etep-formed  plains,  the  highest  of  which 
was  estimatad  at  1,200  feet,  and  was  seen  ranging  at 
apparently  the  same  height  for  150  miles  northward. 
All  these  plains  have  been  worn  into  great  valleys  and 
much  denuded.  The  following  section  is  illustrative  of 
the  general  structure  of  the  great  Bay  of  St.  George. 

SkUoh  ot  FtiOni  In  the  Buy  of  Et.  aeorg*. 


Lerol  or  H.    8cb[«  f'l  Ot  Inch  to  lOO  f«t  Tntlal. 

At  the  south  headland  of  the  Bay  of  St.  George  (near 
C.  Three  Points)  the  250  plain  is  very  extensive.  At 
Fort  Desire  (forty  miles  southward)  I  made  several 
measurements  with  the  barometer  of  a  plain,  which 
extends  along  the  north  side  of  the  port  and  along  the 
open  coast,  and  which  varies  from  245  to  255  feet  in 
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height :  this  plain  abuts  against  the  foot  of  a  higher 
plain  of  330  feet,  which  extends  also,  far  northward 
along  the  coast,  and  likewise  into  the  interior.  In  the 
distance  a  higher  inland  platform  was  seen,  of  which 
I  do  not  know  the  height.  In  three  separate  places,  I 
observed  the  cliff  of  the  245-255  feet  plain,  fringed  by 
a  terrace  or  narrow  plain  estimated  at  about  100  feet 
in  height.  These  plains  are  represented  in  the  fol- 
lowing section : — 

No.  17. 
Section  of  Plains  at  Port  Desire. 

Not  measured.  ^j^    jj  b  , 

\ ia  ss^  II*  185- 


Level  of  sea.    Scale  ^  of  inch  to  100  feet  vertical. 

In  many  places,  even  at  the  distance  of  three  and 
four  miles  from  the  coast,  I  found  on  the  gravel-capped 
surface  of  the  245-255  feet,  and  of  the  330  feet  plain, 
shells  of  Mytilus  Afagellanicas^  M.  edulis^  Patella 
(leauriia^  and  another  Patella,  too  much  worn  to  be 
identified,  but  apparently  similar  to  one  found  abun- 
dantly adhering  to  the  leaves  of  the  kelp.  These 
species  are  the  commonest  now  living  on  this  coast. 
The  shells  all  appeared  very  old :  the  blue  of  the 
mussels  was  much  faded ;  and  only  traces  of  colour 
could  be  perceived  in  the  Patellas,  of  which  the  outer 
surfaces  were  scaling  off.  They  lay  scattered  on  the 
smooth  surface  of  the  gravel,  but  abounded  most  in 
certain  patches,  especially  at  the  heads  of  the  smaller 
valleys  :  they  generally  contained  sand  in  their  in  sides ; 
and  I  presume  that  they  have  been  washed  by  alluvial 
action  out  of  thin  sandy  layers,  traces  of  which  may 
sometimes  be  seen  covering  the  gravel.     The  several 
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plains  have  very  level  sur&oes ;  but  all  are  scooped  out 
by  numerons,  broad,  winding,  flat-bottomed  vaUeja,  in 
which,  judging  from  the  bushes,  streams  never  flow. 
These  remarics  on  the  state  of  the  shells,  and  on  the 
nature  of  the  plains,  apply  to  the  following  cases,  so 
need  not  be  repeated. 

Southward  of  Port  Desire,  the  plains  have  been 
greatly  denuded,  with  only  small  pieces  of  taUe-land 
marking  their  former  extension.  But  opposite  Bird  I»- 
land,  two  considerable  step-formed  plains  were  measured, 
and  found  respectively  to  be  350  and  590  feet  in  height. 
This  latter  plain  extends  along  the  coast  close  to  Port 
St.  Julian  (110  miles  south  of  Port  Desire) ;  where  we  * 
have  the  following  section : — 

No.  18. 
Seotion  of  Fkins  at  Port  St.  Jnlian. 


MO  ft  An.  tf. 

MO  An.  If. 

4MAn.lL 

\ 

\_ 

Level  of  sea.    Scale  ^  of  Inch  to  100  feet  Tertteal. 

The  lowest  plain  was  estimated  at  ninety  feet :  it  is 
remarkable  from  the  usual  gravel-bed  being  deeply 
worn  into  hollows,  which  are  filled  up  with,  as  well  as 
the  general  surface  covered  by,  sandy  and  reddish  earthy 
matter:  in  one  of  the  hollows  thus  filled  up,  the  skeleton 
of  the  Macrauchenia  Patachoiiica,  as  will  hereafter  be 
described,  was  embedded.  On  the  surface  and  in  the 
upper  parts  of  this  earthy  mass,  there  were  numerous 
shells  of  Mytilus  Magdlanicua  and  M.  edulis^  Patella 
deaurita^  and  fragments  of  other  species.  This  plain 
is  tolerably  level,  but  not  extensive ;  it  forms  a  pro- 
montory seven  or  eight  miles  long,  and  three  or  four 
wide.    The  upper  plains  in  the  above  diagram,  were 
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measured  by  the  Officers  of  the  Survey ;  they  were  all 
capped  by  thick  beds  of  gravel,  and  were  all  more  or 
less  denuded :  the  950  plain  consists  merely  of  separate, 
truncated,  gravel-capped  hills,  two  of  which,  by  measure- 
ment, were  foimd  to  differ  only  three  feet.  The  430 
feet  plain  extends,  apparently  witli  hardly  a  break,  to 
near  the  northern  entrance  of  the  Rio  Santa  Cruz  (fifty 
miles  to  the  south) ;  but  it  was  there  found  to  be  only 
330  feet  in  height. 

On  the  southern  side  of  the  mouth  of  the  Santa  Cruz 
we  have  the  following  section,  which  I  am  able  to  give 
with  more  detail  than  in  the  foregoing  cases  : — 

No.  19. 
Section  of  Plains  at  the  month  of  the  Rio  Santa  Cms. 

840  ft.  An.  M.  710  An.  M.  -'  _  il  ^- 


X       ^^  Sil  ^i 


t 


Level  of  sea.    Scale  ^  of  inch  to  100  feet  vertical. 

The  plain  marked  355  feet  (as  ascertained  by  the 
barometer  and  by  angular  measurement)  is  a  continua- 
tion of  the  above-mentioned  330  feet  plain :  it  extends 
in  a  NW.  direction  along  the  southern  shores  of  the 
estuary.  It  is  capped  by  gravel,  which  in  most  parts  is 
covered  by  a  thin  bed  of  sandy  earth,  and  is  scooped  out 
by  many  flat-bottomed  valleys.  It  appears  to  the  eye 
quite  level,  but  in  proceeding  in  a  SSW.  course,  towards 
an  escarpment  distant  about  six  miles,  and  likewise 
ranging  across  the  country  in  a  NW.  line,  it  was  found 
to  rise  at  first  insensibly,  and  then  for  the  last  half  mile, 
sensibly,  close  up  to  the  base  of  the  escarpment :  at 
this  point  it  was  463  feet  in  height,  showing  a  rise  of 
108  feet  in  the  six  miles.  On  this  355  to  463  feet 
plain,  I  found  several  shells  of  Mytilufl  Magellanicua 


Hiirf  of  a  MyLiliiB,  which  Mr.  Sowerby  informs  me  Jl-a 
tmnamed,  though  well   kaown  as   recent  on  this  e 
Patella  deaurita  ;  Fueus,  I  believe,  Ma;feUanic 
the  specimen  has  been  lost ;  and  at  the  distance  o 
miles  from  the  coast,  at  the  height  of  about  400 1 
there  were  fragments    of   the  same   Patella  and  \ 
Voluta  (apparently   V.  ancilla)  partially  embedd( 
the  superficial  sandy  earth.     All  these  sheila  hat 
same  ancient  appearance  with  those  from  the  foreg 
localities.     As  the  tides  along  this  pirt   of  the  o 
rise  at  the  Syzygal  period  forty  feet,  and  therefor 
a  well-marked  beach-line,  I  particularly  looked  out  fol 
ridges  in  crossing  this  plain,  which,  as  we  have  seenl 
rises   108  feet  in  about  six  miles,  but  I  could  not  se^B 
any  trnces  of  snch.     The  next  highest  plain  is  710  feetl 
above   the   sea ;  it  is  very  narrow,  but  level,  and  it  ' 
capped  with  gravel:  it  abuts  to  the  foot  of  the  840 
feet  plain.     This  summit-plain  extends  as  far  as  the 
eye  can  range,  both  inland  along  the  southern  side  of 
the  valley  of  the  Santa  Cruz,  and  southward  along  the 
Atlantic. 

The  VaUey  of  the  R.  Santa  Cruz. — This  valley  runs 
in  an  east  and  west  direction  to  the  Cordillera,  a  dis- 
tance of  about  160  miles.  It  cuts  through  the  great 
Patagonian  tertiary  formation,  including,  in  the  upper 
half  of  the  valley,  immense  streams  of  basaltic  lava, 
which,  as  well  as  the  softer  beds,  are  capped  by  gravel ; 
and  this  gravel,  high  up  the  river,  is  associated  with  a 
vast  boulder  formation.'  In  ascending  the  valley,  the 
plain  which  at  the  mouth  on  the  southern  side  is  355 
feet  high,  is  seen  to  trend  towards  the  corresponding 
plain  on  the  northern  side,  so  that  their  escarpments 
appear  like  the  shores  of  a  former  estuary,  larger  than 
1  B  pnper  in  the  '  Geological 
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listing  one  :  the  escarpments,  also,  of  the  840  feet 
Jit-plaiu  (with  a  corresponding  northern  one, 
■is  met  with  some  way  up  the  vallej),appear  like 
ibores  of  a  still  htrger  eetu&ry.  Farther  up  theval- 
t,tbe  sides  are  bounded  throughout  its  entire  length 
Arsl,  gravel- cupped  terraces,  rising  above  each  other 
Tlie  width  between  the  upper  escarpments  is 
I  average  between  seven  and  ten  miles ;  in  one 
(Wever,  ^(here  cutting  through  the  basaltic  lava, 
ronly  one  mile  and  a  half.  Between  the  escarp- 
B  of  the  second  highest  terrace  the  average  width 
ioat  four  or  five  miles.  The  bottom  of  the  valley, 
y<he  distance  of  110  miles  from  '\X&  mouth,  begins 
iMnsibly  to  expimil,  and  soon  forms  a  considerable  plain, 
}  feet  above  the  level  of  the  sea,  through  which  the 
r  flows  in  a  gut  from  twenty  to  forty  feet  JO  depth, 
are  found,  at  a  point  of  140  miles  from  the  Atlantic, 
FaiuI  seventy  miles  from  the  nearest  creek  of  the  Pacific, 
at  the  height  of  410  feet,  a  very  old  and  worn  shell  of 
Patella  deaurita.  Lower  down  the  valley,  105  miles 
from  the  Atlantic  {long.  71°  W.),  and  at  an  elevation 
of  about  300  feet,  I  also  found,  in  the  bed  of  the  river, 
two  much  worn  and  broken  shells  of  the  Valuta  anciUa, 
still  retaining  traces  of  tbeir  colours  ;  and  one  of  the 
Patdla,  deaurita.  It  appeared  that  these  shells  had 
been  washed  from  the  banks  into  the  river;  considering 
the  distance  from  the  sea,  the  desert  and  absolutely 
iinfrequented  character  of  the  country,  and  the  very 
ancient  appearance  of  the  shells  (exactly  like  those 
found  on  the  plains  nearer  the  coast),  there  is,  I  think, 
no  cause  to  suspect  that  they  could  have  been  brought 
here  by  Indians. 

The  plain  at  the  head  of  the  valley  is  tolerably 
level,  but  water-worn,  and  with  many  sand-dunes  on  it 
like  those  on  a  sea-coaat.     At  the  highest  point  to  which 


we  a8c«nded|  it  wae  sixteen  miles  wide  in  a  north  and 
south  line ;  and  fortj-five  miles  iu  length  in  an  east 
and  west  line.  It  is  bordered  by  the  escarpments,  one 
above  the  other,  of  two  plains,  which  diverge  as  they 
approach  the  Cordillera,  and  consequently  resemble,  at 
two  levels,  the  shores  of  great  bays  facing  the  moun- 
tains; and  these  mountains  arc  breached  in  front  of  the 
lower  plain  by  a  remarkable  gap.  The  valley,  therefore, 
of  the  Santa  Cruz  consists  of  a  straight  broad  cut, 
about  ninety  miles  in  length,  bordered  by  gravel-capped 
terraces  and  plains,  the  escarpments  of  which  at  both 
ends  diverge  or  expand,  one  over  tlie  other,  alter  the 
manner  of  the  shores  of  great  bays.  Bearing  in  miud 
this  peculiar  form  of  the  land — the  sand-dunes  on  the 
plain  at  the  head  of  the  valley — the  gap  in  the  Cordil^ 
lera,  in  front  of  it — the  preaence  in  two  places  of  very 
ancient  shells  of  existing  species — and  lastly,  the  cir- 
cumstance of  the  355  to  453  feet  plain,  with  the 
Dumeroue  matine  remains  on  its  sur&ce,  sweeping  from 
the  Atlantic  coast,  fiir  up  the  valley,  I  think  we  must 
admit,  that  within  the  recent  period,  the  course  of  the 
Santa  Cruz  formed  a  sea-atrait  intersecting  the  con- 
tinent. At  this  period,  the  southern  part  of  South 
America  consisted  of  an  archipelago  of  islands  360 
miles  in  a  N.  and  S.  line.  We  shall  presently  see,  that 
two  other  straits  also,  since  closed,  then  cut  through 
Tierra  del  Fuego ;  I  may  add,  that  one  of  them  must 
at  that  time  have  expanded  at  the  foot  of  the  Cordillera 
into  a  great  bay  (now  Otway  Water)  like  that  which 
formerly  covered  the  440  feet  plain  at  the  head  of  the 
Santa  Cruz. 

I  have  said  that  the  valley  in  its  whole  coiu-se  is 
bordered  by  gravel-capped  plains.  The  following  sec- 
tion, supposed  to  be  drawn  in  a  \.  and  S.  line  across 
the  valley,  can  scarcely  be  considered  as   more  than 
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illustratiye ;  for  during  our  hurried  ascent  it  was  im- 
possible to  measure  all  the  plains  at  any  one  place. 

No.  SO. 

Korih  and  South  Section  acroen  the  Terraces  bounding  the  Yallej  of 

the  BiTer  Santa  Crui,  high  up  its  coune. 

L  aontli.  A  north 

Be.  Bn« 


Ca.  Be.        B.       D  n.     On./ 


ISSft.         869  ft.  6;»i»U.  Bed  of  (>3i»  ft.  8tfV  ft.  11»  ft. 

river. 

The  height  of  each  tcnrace  above  the  level  of  the  river,  is  shown  by  the  nnmber 
under  it.  Vertical  scale  ^  of  inch  to  a  100  feet;  bat  terraoe  E  being  only 
twenty  feet  above  the  river,  has  necessarily  been  raised.  The  horisontal  dis- 
tanoes  much  contracted ;  the  distance  from  the  edge  of  A  n.  to  A  s.  being  on  an 
average  from  seven  to  ten  miles. 

At  a  point  nearly  midway  between  the  Cordillera  and 
the  Atlantic,  I  found  the  plain  (A  north)  1,122  feet 
above  the  river ;  all  the  lower  plains  on  this  side  were 
here  united  into  one  great  broken  cliflF:  at  a  point 
sixteen  miles  lower  down  the  stream,  I  found  by 
measurement  and  estimation  that  B  (n)  was  869  above 
the  river :  very  near  to  where  A  (n)  was  measured, 
C  (n)  was  639  above  the  same  level :  the  terrace  D  (n) 
was  nowhere  measured  :  the  lowest  E  (n)  was  in  many 
places  about  twenty  feet  above  the  river.  These  plains 
or  terraces  were  best  developed  where  the  valley  was 
widest ;  the  whole  five,  like  gigantic  steps,  occurred 
together  only  at  a  few  points.  The  lower  terraces  are 
less  continuous  than  the  higher  ones,  and  appear  to  be 
entirely  lost  in  the  upper  third  of  the  valley.  Terrace 
C  (»),  however,  was  traced  continuously  for  a  great 
distance.  The  terrace  B  (n),  at  a  point  of  fifty-five 
miles  from  the  mouth  of  the  river,  was  four  miles  in 
width  ;  higher  up  the  valley  this  terrace  (or  at  least 
the  second  highest  one,  for  I  could  not  always  trace  it 
continuously)  was  about  eight  miles  wide. .   This  second 
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plain  was  generally  wider  than  the  lower  one»— as 
indeed  follows  from  the  Yalley  from  A  (n)  to  A  («) 
being  generally  nearly  double  the  width  oi  from  B  (n) 
to  B  (jiy  how  down  the  valley,  the  summit-plain  A  (•) 
isoontinuous  with  the  840feet  plain  on  the  coast,  but  it 
is  soon  lost  or  unites  with  the  escarpm^t  of  B  (s). 
The  corresponding  plain  A  (n),  on  the  north  side  of  the 
valley,  appears  to  range  continuously  from  the  Cordil- 
lera to  the  head  of  the  present  estuary  of  the  SL  Cms, 
where  it  trends  northward  towards  Port  St.  Julian* 
Near  the  Cordillera  the  summit-plain  on  both  sides  of 
the  valley  is  between  S,200  and  3,300  feet  in  height ; 
at  100  niQes  from  the  Atlantic,  it  is  1,416  feet,  and  cm 
the  coast  840  feet,  all  above  the  sea-beach ;  so  that  in 
a  distance  of  100  miles  the  plain  rises  576  feet,  and 
much  more  rapidly  near  to  the  Cordillera.  The  lower 
terraces  B  and  C  also  appear  to  rise  as  they  run  up  the 
^'alley ;  thus  D  {n\  measured  at  two  points  twenty- 
four  miles  apart,  was  found  to  have  risen  185  feet. 
From  several  reasons  I  suspect,  that  this  gradual 
inclination  of  the  plains  up  the  valley,  has  been  chiefly 
caused  by  the  elevation  of  the  continent  in  mass, 
having  been  the  greater  the  nearer  to  the  Cordillera. 

All  the  terraces  are  capped  with  well-rounded  gravel, 
which  rests  either  on  the  denuded  and  sometimes 
furrowed  surfece  of  the  soft  tertiary  deposits,  or  on  the 
basaltic  lava.  The  difference  in  height  between  some 
of  the  lower  steps  or  terraces  seems  to  be  entirely 
owing  to  a  difference  in  the  thickness  of  the  capping 
gravel.  Furrows  and  inequalities  in  the  gravel,  where 
such  occur,  are  filled  up  and  smoothed  over  with  sandy 
earth.  The  pebbles,  especially  on  the  higher  plains, 
are  often  white-washed,  and  even  cemented  together  by 
a  white  aluminous  substance ;  and  I  oecasionallv  found 
this  to  be  the  case  with  the  gravel  on  the  terrace  D. 
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I  could  not  perceive  any  trace  of  a  similar  deposi- 
tion on  the  pebbles  now  thrown  up  by  the  river,  and 
therefore  I  do  not  think  that  terrace  D  was  river- 
formed.  As  the  terrace  E  generally  stands  about 
twenty  feet  above  the  bed  of  the  river,  my  first  impres- 
sion was  to  doubt  whether  even  this  lowest  one  could 
have  been  so  formed  ;  but  it  should  always  be  borne  in 
mind,  that  the  horizontal  upheaval  of  a  district,  by  in- 
creasing the  total  descent  of  the  streams,  will  always 
tend  to  increase,  first  near  the  sea-coast  and  then 
fieurther  and  farther  up  the  valley,  their  corroding  and 
deepening  powers :  so  that  an  alluvial  plain,  formed 
almost  on  a  level  with  a  stream,  will,  after  an  elevation 
of  this  kind,  in  time  be  cut  through,  and  left  standing 
at  a  height  never  again  to  be  reached  by  the  water. 
With  respect  to  the  three  upper  terraces  of  the  S.  Cruz, 
I  think  there  can  be  no  doubt,  that  they  were  modelled 
by  the  sea,  when  the  valley  was  occupied  by  a  strait,  in 
the  same  manner  (hereafter  to  be  discussed),  as  the 
greater,  step-formed,  shell-strewed  plains  along  the 
coast  of  Patagonia. 

To  return  to  the  shores  of  the  Atlantic :  the  840 
feet  plain,  at  the  mouth  of  the  Santa  Cruz,  is  seen  ex- 
tending horizontally  far  to  the  south ;  and  I  am  in- 
formed by  the  Officers  of  the  Survey,  that  bending  round 
the  head  of  Coy  Inlet  (sixty-five  miles  southward),  it 
trends  inland.  Outliers  of  apparently  the  same  height 
are  seen  forty  miles  farther  south,  inland  of  the  river 
Gallegos ;  and  a  plain  comes  down  to  Cape  Gregory 
(thirty-five  miles  southward),  in  the  Strait  of  Magellan, 
which  was  estimated  at  between  800  and  1,000  feet 
in  height,  and  which,  rising  towards  the  interior,  is 
capped  by  the  boulder  formation.  South  of  the  Strait 
of  Magellan,  there  are  large  outlying  masses  of  appa- 
rently the  same  great  table-land,  extending  at  intervals 


along  the  eastern  coaat  of  Tierra  del  Fuego :  at  two 
places  here,  1 10  milea  apart,  this  plain  was  found  to  be 
aSO  and  970  feet  in  height. 

From  Coy  Inlet,  where  the  high  eummit-plain 
trends  inland,  a  plain  estimated  at  350  feet  in  height, 
extends  for  forty  miles  to  the  river  Gallegos.  From 
this  point  to  the  Strait  of  Magellan,  and  on  each  side 
of  that  Strait,  the  country  has  been  much  denuded  and 
is  le«s  level.  It  consists  chiefly  of  the  boulder  forma- 
tion, which  rises  to  a  height  of  between  150  and  250 
f«eti  and  is  often  capped  by  beds  of  gravel.  At  N.S. 
Gracia,  on  the  north  aide  of  the  Inner  Narrows  of  the 
£(aut  tt£M»g^i*Df  I  found  on  th«  tuimmit  «t  ft  aii£^ 
160  bet  ia  hengbt,  ihells  of  odrtiog  PatfOlffi  and  ICytili^ 
scattered  on  the  Burfiuw  and  partially  embedded  in 
earth.  On  the  eastern  coast,  also,  of  Tierra  del  Fo^^ 
Id  latitude  53°  2(f  S^  I  found  muiy  Mytill  on  some 
level  land,  estimated  at  200  feet  in  height  Anterior 
to  the  elevation  attested  by  these  shells,  it  is  evident 
by  the  present  form  of  the  land,  and  by  the  distributioQ 
of  the  great  erratic  boulders '  on  the  surface,  that  two 
sea-channels  connected  the  Strait  of  Mag^an  both 
with  Sebastian  Bay  and  with  Otway  Water. 

Cotud^vng  remarke  on  the  rec«nt  davation  of  ihs 
aouth-eastem  coasts  of  America,  and  on  tfie  o/etion  of 
th«  sea  on  th*  land, — Upraised  shells  of  species,  still  ex- 
isting as  the  commonest  kinds  in  the  adjoining  sea,  occur, 
as  we  have  seen,  at  heights  of  between  a  few  feet  and  410 
feet,  at  intervab  irom  latitude  33°  40'  to  53°  20*  South. 
This  is  a  distance  of  1,180  gec^^phical  miles — about 
equal  from  London  to  the  North  Gape  of  Sweden.  As 
the  boulder  formation,  extends  with  nearly  the  same 
height  150  miles  south  of  53°  20*,  the  most  southern 
point  where  I  landed  and  found  upraised  shells ;  and 

■  '  Oeolug.  TimnMcUotw,'  voL  n.  p.  419. 
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as  the  level  Pampas  ranges  many  hundred  miles  north- 
ward of  the  point,  where  M.  d'Orbigny  found  at  the 
height  of  100  feet  beds  of  the  Azara,  the  space  in  a 
north  and  south  line,  which  has  been  uplifted  within 
the  recent  period,  must  have  been  much  above  the 
1,180  miles.     By  the  term  *  recent,'  I  refer  only  to  that 
period  within  which   the  now   living  moUusca  were 
called  into  existence  ;  for  it  will  be  seen  in  the  eleventh 
Chapter,  that  both  at  Bahia  Blanca  and  P.  S.  Julian,  the 
mammiferous  quadrupeds  which  co-existed  with  these 
shells  belong  to  extinct  species.     I  have  said  that  the 
upraised  shells  were  found  only  at  intervals  on  this  line 
of  coast,  but  this  in  all  probability  may  be  attributed 
to  my  not  having  landed  at  the  intermediate  points ; 
for  wherever   I  did  land,  with  the  exceptioQ  of  the 
river  Negro,  shells  were  found :  moreover,  the  shells 
are  strewed  on  plains  or  terraces,  which,  as  we  shall 
immediately   see,   extend  for  great  distances  with  a 
uniform  height.     I  ascended  the  higher  plains  only  in 
a  few  places,   owing  to  the   distance  at  which   their 
escarpments  generally  range  from  the  coast,  so  that  I 
am  far  from  knowing  that  410  feet  is  the  maximum  of 
elevation  of  these  upraised  remains.     The  shells  are 
those   now  most  abundant   in  a  living  state   in   the 
adjoining  sea.'     All  of  them  have  an  ancient  appear- 
ance ;  but  some,  especially  the  mussels,  although  lying 
fully  exposed  to  the  weather,  retain  to  a  considerable 
extent  their  colours  :  this  circumstance  appears  at  first 
surprising,  but  it   is  now  known  that  the   colouring 
principle  of  the  Mytilus  is  so  enduring,  that  it  is  pre- 
served when  the  shell  itself  is  completely  disintegrated.* 

*  Capt  King,  *  Voyages  of  Adventure  and  Beagle/  vol.  i.  pp.  6  and 
133. 

*  See  Mr.  Lyell's  'Proofs  of  a  Gradual  Rising  in  Swodon/  in  the 
*Philosoph.  Transact.*  1836,  p.  1.  See  also  Mr.  Smith,  of  Junlan  Hill, 
in  the  '  Edin.  New  Phil.  Journal,'  vol.  xxv.  p.  303. 
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Most  of  the  BhellB  axe  broken;  I  nowhere  tomid  two 
valves  united ;  the  fingments  are  not-  rounded,  at  least 
in  none  of  the  speeimens  whieh  I  brought  home. 

With  respect  to  the  breadth  of  the  upraised  area  in 
an  east  and  west  line,  we  know  from  the  shells  found  at 
the  inner  Narrows  of  the  Strait  of  Magellan,  that  the 
entire  width  of  the  plain,  although  there  very  narrow, 
has  been  elevated.  It  is  probable  that  in  this  southern- 
most part  of  the  continent,  the  movement  has  extended 
under  the  sea  &r  eastward;  for  at  the  Falkland  Islands, 
though  I  could  not  find  any  shells,  the  bones  of  whales 
have  been  noticed  by  several  competent  observers,  lying 
on  the  land  at  a  considerable  distance  firom  the  sea,  and 
at  the  height  of  some  hundred  feet  above  it.^  More- 
over, we  know  that  in  Tierra  del  Fuego  the  boulder  for- 
mation has  been  uplifted  within  the  recent  period,  and  a 
similar  formation  occurs  ^  on  the  north-western  shores 
(Byron  Sound)  of  these  islands.  The  distance  from 
this  point  to  the  Cordillera  of  Tierra  del  Fuego,  is  360 
miles,  which  we  may  take  as  the  probable  width  of  the 
recently  upraised  area.  In  the  latitude  of  the  R.  Santa 
Cruz,  we  know  from  the  shells  found  at  the  mouth  and 
head,  and  in  the  middle  of  the  valley,  that  the  entire 
width  (about  160  miles)  of  the  sur&ce  eastward  of  the 
Cordillera  has  been  upraised.  From  the  slope  of  the 
plains,  as  shown  by  the  course  of  the  rivers,  for  several 
degrees  northward  of  the  S.  Cruz,  it  is  probable  that  the 
elevation  attested  by  the  shells  on  the  coast  has  likewise 
extended  to  the  Cordillera.  When,  however,  we  look  as 
far  northward  as  the  provinces  of  La  Plata,  this  conclusion 

»  *  Voyages  of  the  Adventure  and  Beagle,*  toI.  ii.  p.  227.  And 
Bougainville's  'Voyage/  tome  i.  p.  112. 

'  I  owe  this  fiict  to  the  kindness  of  Capt  Suliran,  R.N.,  a  highly 
comp<»t«nt  ohserrer.  I  mention  it  more  especially,  as  in  my  Paper 
(p.  427)  on  the  Boulder  Formation,  I  have,  after  having  examined  tJio 
nt^rthern  and  middle  parts  of  the  eastern  island,  said  that  the  formation 
here  wholly  absenL 
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would  be  very  hazardous ;  not  only  is  the  distance  from 
Maldonado  (where  I  found  upraised  shells)  to  the 
Cordillera  great,  namely,  760  miles,  but  at  the  head 
of  the  estuary  of  the  Plata,  a  NNE.  and  SSW.  range 
of  tertiary  volcanic  rocks  has  been  observed,*  which 
may  well  indicate  an  axis  of  elevation  quite  distinct 
from  that  of  the  Andes,  Moreover,  in  the  centre  of 
the  Pampas  in  the  chain  of  Cordova,  severe  earthquakes 
have  been  felt ;  *  whereas  at  Mendoza,  at  the  eastern 
foot  of  the  Cordillera,  only  gentle  oscillations,  trans- 
mitted from  the  shores  of  the  Pacific,  have  ever  been 
experienced.  Hence  the  elevation  of  the  Pampas  may 
be  due  to  several  distinct  axes  of  movement ;  and  we 
cannot  judge,  from  the  upraised  shells  round  the  estuary 
of  the  Plata,  of  the  breadth  of  the  area  uplifted  within 
the  recent  period. 

Not  only  has  the  above  specified  long  range  of  coast 
been  elevated  within  the  recent  period,  but  I  think  it 
may  be  safely  inferred  from  the  similarity  in  height  of 
the  gravel-capped  plains  at  distant  points,  that  there 
has  been  a  remarkable  degree  of  equability  in  the 
elevatory  process.  I  may  premise,  that  when  I  mea- 
sured the  plains,  it  was  simply  to  ascertain  the  heights 
at  which  shells  occurred  ;  afterwards,  comparing  these 
measurements  with  some  of  those  made  during  the 
Survey,  I  was  struck  with  their  uniformity,  and  accord- 

*  This  volcanic  formation  will  be  described  in  Chapter  XI.  It  is  not 
improbable  that  the  height  of  the  upraised  shells  at  the  head  of  the 
estuary  of  the  Plata,  being  greater  than  at  Bahia  Blanca  or  at  San  Bias, 
may  be  owing  to  the  upheaval  of  these  latter  places  having  been  con- 
nected with  the  distant  line  of  the  Cordillera,  whilst  that  of  the 
provinces  of  La  Plata  was  in  connection  with  the  adjoining  tertiary 
volcanic  axis. 

*  See  Sir  W.  Parish's  work  on  '  La  Plata,*  p.  242.  For  a  notice  of 
an  ^rthquake  which  drained  a  lake  near  Cordova,  see  uUo  Temple's 
*  Travels  in  Peru.*  Sir  W.  Parish  informs  me,  that  a  town  between  Salta 
and  Tucuman  (north  of  Cordova)  was  formerly  utterly  overthrown  by  an 
earthquake. 

p  2 
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ingly  tabulated  all  those  ivliich  xepniented  the  Biim- 
mit-edges  of  plaim.  The  aztenflioa  of  the  830  to  355 
fdet  plain  is  yeiy  gtriking,  being  found  oyer  a  space  of 
500  geogfaphioal  miles  in  a  nortti  and  south  line.  A 
table  of  the  measuiements  is  here  given.  The  angular 
measurements  and  all  the  estimations  are  by  the  Offioeis 
of  the  Survey ;  the  barometrioal  ones  by  myself: — 


\ 


Gftllflgot  BiTW  to  Cot  Inlet  (puClrugiilariiiMfl.  sad  ptftlj  S60 

8oi]liiSideofSaatft&ai(aiig.  «idbcRHii.iiiaM.)  .  .  3M 

North  Side  of   da  (u«.m*) S30 

Bixd  IiUndt  plain  oppoiko  to  (ang.  m.) 960 

Fort  DesizB,pUin  eztanding  fkr  ^ong  coast  (bwom.  m.)  .  S80 
St  Oeoigo'a  Baj,  north  pfomontoiy  (ang.  ol)  ....  SSO 
TahULaad,80iithofNewBqr(aqg;m.) S60 

A  plain,  varying  from  245  to  255  feet,  seems  to 
extend  with  much  uniformity  from  Port  Desire  to  the 
north  of  St.  Greorge's  Bay,  a  distance  of  170  miles ; 
and  some  approximate  measurements,  also  given  in  the 
following  table,  indicate  the  much  greater  extension  of 
780  miles  :-- 

Peet. 

Coy  Inlet,  aonth  of  (parti  j  ang.  m.  and  partly  estim.)    .  200  to  800 

Fort  Desire  (barom.  m.) 245  to  255 

O.  Blanco  (ang.  m.) 250 

North  Pzomootory  of  St  George's  Bay  (ang.  m.)   .        •  250 

8onth  of  New  Bay  (ang.  m.) 200  to  220 

North  of  S.  Josef  (estim.) 200  td  300 

Plain  of  Bio  Negro  (ang.  m.) 200  to  220 

Bahia  Bknca  (estim.) 200  to  300 

The  extension,  moreover,  of  the  560  to  580,  and  of 
the  80  to  100  feet,  plains  is  remarkable,  though  some- 
what less  obvious  than  in  the  former  cases.  Bearing 
in  mind  that  I  have  not  picked  these  measurements 
out  of  a  series,  but  have  used  all  those  which  repre- 
sented the  edges  of  plains,  I  think  it  scarcely  possible 
that  these  coincidences  in  height  should  be  accidental. 
We  must  therefore  conclude  that  the  actipn,  whatever 
it  may  have  .been,  by  which  these  plains  have  been 
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modelled  into  their  present  forms^  has  been  singularly 
uniform. 

These  plains  or  great  terraces,  of  which  three  and 
four  often  rise  like  steps  one  behind  the  other,  are 
formed  by  the  denudation  of  the  old  Patagonian 
tertiary  beds,  and  by  the  deposition  on  their  surfaces  of 
a  mass  of  well-rounded  gravel,  varying,  near  the  coast, 
from  ten  to  thirty-five  feet  in  thickness,  but  increasing 
in  thickness  towards  the  interior.  The  gravel  is  often 
capped  by  a  thin  irregular  bed  of  sandy  earth.  The 
plains  slope  up,  though  seldom  sensibly  to  the  eye, 
from  the  summit-edge  of  one  escarpment  to  the  foot  of 
the  next  highest  one.  Within  a  distance  of  150  miles, 
between  Santa  Cruz  to  Port  Desire,  where  the  plains 
are  particularly  well  developed,  there  are  at  least  seven 
stages  or  steps,  one  above  the  other.  On  the  three 
lower  ones,  namely,  those  of  100  feet,  250  feet,  and 
350  feet  in  height,  existing  littoral  shells  are  abundantly 
strewed,  either  on  the  surface,  or  partially  embedded  in 
the  superficial  sandy  earth.  By  whatever  action  these 
three  lower  plains  have  been  modelled,  so  undoubtedly 
have  all  the  higher  ones,  up  to  a  height  of  950  feet  at 
S.  Julian,  and  of  1,200  feet  (by  estimation)  along  St. 
George's  Bay.  I  think  it  will  not  be  disputed,  con- 
sidering the  presence  of  the  upraised  marine  shells,  that 
the  sea  has  been  the  active  power  during  stages  of  some 
kind  in  the  elevatory  process. 

We  will  now  briefly  consider  this  subject:  if  we 
look  at  the  existing  coast-line,  the  evidence  of  tlie 
great  denuding  power  of  the  sea  is  very  distinct ;  for, 
from  Cape  St.  Diego,  in  lat.  54°  30'  to  the  mouth  of 
the  Rio  Negro,  in  lat.  31®  (a  length  of  more  than  800 
miles),  the  shore  is  formed,  with  singularly  few  excep- 
tions, of  bold  and  naked  cliffs:  in  many  places  the 
cliffs  are  high ;  thus,  south  of  the  Santa  Cruz,  they  are 
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between  800  and  900  feet  in  height,  with  their  hori- 
zontal strata  abmptly  cut  off,  showing  the  immenfle 
mass  of  matter  which  has  bem  removed*    Nearly  this 
whole  line  of  coast  consists  of  a  series  of  greater  or 
lesser  curves,  the  horns  of  which,  and  likewise  certain 
straight  projecting  portions,  are  formed  of  hard  rocks ; 
hence  the  omcave  parts  are  evidently  the  eflEect  and  the 
measure  of  the  denuding  action  on  the  softer  strata. 
At  the  foot  of  all  the  clifiia,  the  sea  shoals  very  gradually 
&r  outwards;  and  the  bottom,  for  a  space  of  some 
miles,  everywhere  consists  of  graveL    I  carefidly  ez- 
amiped  the  bed  of  the  sea  off  the  Santa  Cms,  and  found 
that  its  inclination  was  exactly  the  same,  both  in 
amount  and  in  its  peculiar  curvature,  with  that  of  the 
355  feet  plain  at  the  same  place.     If,  therefore,  the 
coast,  with  the  bed  of  the  adjoining  sea,  were  now  sud- 
denly elevated  100  or  200  feet,  an  inland  line  of  cliffs, 
that  is  an  escarpment,  would  be  formed,  with  a  gravel- 
capped  plain  at  its  foot  gently  sloping  to  the  sea,  and 
having  an  inclination  like  that  of  the  existing  355  feet 
plain.     From  the  denuding  tendency  of  the  sea,  this 
newly  formed  plain  would  in  time  be  eaten  back  into  a 
cliff:  and  repetitions  of  this  elevatory  and  denuding 
process  would  produce  a  series  of  gravel-capped,  sloping 
terraces,  rising  one  above  another,  like  those  fronting 
the  shores  of  Patagonia. 

The  chief  difficulty  (for  there  are  other  inconsider- 
able ones)  on  this  view,  is  the  fact, — as  far  as  I  can 
tnist  two  continuous  lines  of  soundings  carefully  taken 
between  Santa  Cruz  and  the  Falkland  Islands,  and 
several  scattered  observations  on  this  and  other  coasts, — 
that  the  pebbles  at  the  bottom  of  the  sea  quickly  and 
regularly  decrease  in  size  with  the  increasing  depth 
and  distance  from  the  shore,  whereas  in  the  gravel  on 
the  sloping  plains,  no  such  decrease  in  size  was  per- 
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ceptible.     The  following  table  gives  the  average  result 
of  many  soundings  oflF  the  Santa  Cruz : — 

Under  two  miles  from  the  shore,  many  of  the  pebbles  were  of  large 
■iie  mingled  with  some  small  ones. 


Distance. 
Sto  4  miles  from  the  shora 


6  to   7  miles  do. 

10  to  11  miles  do. 

13         miles  do. 

2t  to  150  miles  do. 


Depth. 
11  to  13  fathoms. 


17  to  19 
33  to  35 

30  to  40 
45  to  65 


do. 
do. 

do. 
do. 


Size  of  Pebbles. 
As  large  as  walnats ;  mlntrled 

in   erery  case  with  some 

small^r  ones 
As  large  as  hazel  nuts. 
From  three  to  four  tenths  of 

an  inch  in  diameter. 
Two- tenths  of  an  inch. 
One-tenth  of  an  inch,  to  the 

finest  sand. 


I  paiticularly  attended  to  the  size  of  the  pebbles  on 
the  355  feet  Santa  Cruz  plain,  and  I  noticed  that  on 
the  summit-edge  of  the  present  sea-cliffs  many  were 
as  large  as  half  of  a  man's  head ;  and  in  crossing  from 
these  cliffs  to  the  foot  of  the  next  highest  escarpment, 
a  distance  of  six  miles,  I  could  not  observe  any  increase 
in  their  size.  We  shall  presently  see  that  the  theory 
of  a  slow  and  almost  insensible  rise  of  the  land,  will 
explain  all  the  facts  connected  with  the  gravel-capped 
terraces,  better  than  the  theory  of  sudden  elevations  of 
from  one  to  two  hundred  feet. 

M.  d'Orbigny  has  argued,  from  the  upraised  shells 
at  San  Bias  being  embedded  in  the  positions  in  which 
they  lived,  and  from  the  valves  of  the  Azara  labiata 
high  on  the  banks  of  the  Parana  being  united  and  un- 
rolled, that  the  elevation  of  Northern  Patagonia  and  of 
La  Plata  must  have  been  sudden ;  for  he  thinks,  if  it 
had  been  gradual,  these  shells  would  all  have  been 
rolled  on  successive  beach-lines.  But  in  protected  bays, 
such  as  in  that  of  Bahia  Blanca,  wherever  the  sea  is 
accumulating  extensive  mud-banks,  or  where  the  winds 
quietly  heap  up  sand-dunes,  beds  of  shells  might  assuredly 
be  preserved  buried  in  the  positions  in  which  they  had 
lived,  even  whilst  the  land  retained  the  same  level ;  any, 
the  smallest,  amount  of  elevation  would  directly  aid  in 
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ftdrunjwBiatioa.   IwrsandlitaAxirnobniBBUk 
Bbaea  whete  tint  mifgUL  hsm  bna  dbeled;  nd  at 
Maldonado  it  almoffe  oerteiiify  has  bna  cftetaJL  -In 
ipeildiig  of  the  efemtioD  of  the  land  lum^  been  akNT^ 
I  do  not  wish  to  esdode  the  mall  itarta  iriiidi  aoeooH 
pany  aarthqnakei^  aa  on  the  eoast  of  ddle;  and  lij  audi 
niofemenia  beds  of  ihdLb  ni^{ht  easQy  be  npliftad,  even 
in  poritkms  cijiused  to  a  heatjiur^  without  nnde^pnng 
'      any  attrition ;  fixr  instanee,  in  1835,  a  loeky  flat  off  the 
isbind  of  Santa  Maria  was  at  one  blow  opbeaved  above 
Ugh-water  mark,  and  waa  left  eovered  with  gapmg^and 
potieffing  miuKl-fliells,  still  attached  to  the  bed  on 
which  they  hadUved.    If  IL  dDiUgny  had  been  aware 
of  the  many  long  paiaDel  lines  of  sand-hiUocksi  with 
infinitely  numerous  shells  of  the  Mactra  and  Venus,  at 
a  low  level  near  the  Uruguay ;  if  he  had  seen  at  Bahia 
Blanca  the  immense  sand-dunes,  with  water-worn  pebbles 
of  pumice,  ranging,  in  parallel  lines,  one  behind  the  other 
up  a  height  of  at  least  1 20  feet ;  if  he  had  seen  the  sand- 
dunes,  with  the  countless  Paludestrinas,  on  the  low  plain 
near  the  Fort  at  this  place,  and  that  long  line  on  the  edge 
of  the  cliff,  sixty  feet  higher  up ;  if  he  had  crossed  that 
long  and  great  belt  of  parallel  sand-dunes,  eight  miles  in 
width,  standing  at  the  height  of  from  forty  to  fifty  feet 
above  the  Colorado,  where  sand  could  not  now  collect, — 
I  cannot  believe  he  would  have  thought  that  the  eleva- 
tion of  this  great  district  had  been  sudden.    Certainly  the 
sand-dunes  (especially  when   abounding  with  shells), 
*which  stand  in  ranges  at  so  many  different  levels,  must 
all  have  required  long  time  for  their  accumiilation ;  and 
hence  I  do  not  doubt  that  the  last  100  feet  of  elevation 
of  La  Plata  and  Northern  Patagonia  has  been  exceed- 
ingly slow. 

If  we  extend  this  conclusion  to  Central  and  Southern 
Patagonia,  the  inclination  of  the  successively  rising 
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gravel-capped  plains  can  be  explained  quite  as  well,  as 
by  the  more  obvious  view  already  given  of  a  few  com- 
paratively great  and  sudden  elevations.;  in  either  case 
we  must  admit  long  periods  of  rest,  during  which  the 
sea  ate  deeply  into  the  land.  Let  us  suppose  the 
present  coast  to  rise  at  a  nearly  equable,  slow  rate,  yet 
sufficiently  quick  to  prevent  the  waves  quite  removing 
each  part  as  soon  as  brought  up ;  in  this  case  every 
portion  of  the  present  bed  of  the  sea  will  successively 
form  a  beach-line,  and  from' being  exposed  to  a  like 
action  will  be  similarly  affected.  It  cannot  matter  to 
what  height  the  tides  rise,  even  if  to  forty  feet  as  at 
Santa  Cruz,  for  they  will  act  with  equal  force  and  in 
like  manner  on  each  successive  line.  Hence  there  is 
no  difficulty  in  the  fact  of  the  355  feet  plain  at  Santa 
Cruz  sloping  up  108  feet  to  the  foot  of  the  next  highest 
escarpment,  and  yet  having  no  marks  of  any  one  par- 
ticular beach-line  on  it ;  for  the  whole  surface  on  this 
view  has  been  a  beach.  I  cannot  pretend  to  follow  out 
the  precise  action  of  the  tidal  waves  during  a  rise  of 
the  land,  slow,  yet  sufficiently  quick  to  prevent  or  check 
denudation :  but  if  it  be  analogous  to  what  takes  place 
on  protected  parts  of  the  present  coast,  where  gravel  is 
now  accumulating  in  large  quantities,*  an  inclined 
surface,  thickly  capped  by  well-rounded  pebbles  of 
about  the  same  size,  would  be  ultimately  left.  On  the 
gravel  now  accumulating,  the  waves,  aided  by  the  wind, 
sometimes  throw  up  a  thin  covering  of  sand,  together 
with  the  common  coast-shells.  Shells  thus  cast  up  by 
gales,  would,  during  an  elevatory  period,  never  again 
be  touched  by  the  sea.  Hence,  on  this  view  of  a  slow 
and  gradual  rising  of  the  land,  interrupted  by  periods 

'  On  the  eastern  side  of  Chiloe.  which  island  we  shnll  see  in  the  next 
chapter  is  now  risine,  I  ohsenred  that  all  the  beaches  and  extensive 
tidal  flats  were  formed  of  shingle. 
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of  rest  and  denudation,  we  can  understand  the  pebblea 
being  of  about  the  same  sise  over  the  entire  width  of 
the  step-like  plains,— the  occasional  thin  ooyering  of 
sandy  earth, — and  the  presence  of  broken,  unrolled 
'  fragments  of  those  shells,  which  now  Uyo  exclusively 
near  the  coast. 

Syammary  of  EeauUa. — ^It  may  be  concluded  that 
the -coast  on  this  side  the  continent,  for  a  space  of  at 
least  1,180  miles,  has  been  elevated  to  a  height  of  100 
feet  in  La  Plata,  and  of  400  feet  in  Southern  Patagonia, 
within  the  period  of  existing  shells,  but  not  of  existing, 
mammifers.    That  in  La  Plata  the  elevation  has  been 
very  slowly  effected :  that  in  Patagonia  the  movement 
may  have  been  by  considerable  starts,  but  much  more 
probably  slow  and  quiet.     In  either  case,  there  have 
been  long  interveniDg  periods  of  comparative  rest,^ 
during  which  the  sea  corroded  deeply,  as  it  is  still  cor- 
roding, into  the  land.    That  the  periods  of  denudation 
and  elevation  were  contemporaneous  and  equable  over 
great  spaces  of  coast,  as  shown  by  the  equable  heights 
of  the  plains;  that  there  have  been  at  least  eight 
periods  of  denudation,  and  that  the  land,  up  to  a  height 
of  from  950  to  1,200  feet,  has  been  similarly  modelled 
and  affected :  that  the  area  elevated,  in  the  southern- 
most part  of  the  continent,  extended  in   breadth   to 
the  Cordillera,  and  probably  seaward  to  the  Falkland 
Islands ;  that  northward,  in  La  Plata,  the  breadth  is 
unknown,  there  having  been  probably  more  than  one 
axis  of  elevation;  and  finally,  that,  anterior  to   the 
elevation  attested  by  these  upraised  shells,  the  land  was 
divided  by  a  Strait  where  the  river  Santa  Cruz  now 

*  I  say  comparative  and  not  absolute  rest,  because  the  soa  acts,  as  we 
have  seen,  with  great  denuding  power  on  this  whole  line  of  coast;  and 
therefore,  during  an  olevation  of  the  land,  if  excessively  slow  (and  of 
course  during  a  (subsidence  of  the  land),  it  is  quite  possible  that  linos  of 
cliff  might  be  formed. 
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flows,  and  that  farther  southward  there  were  other  sea- 
straits,  since  closed.  I  may  add,  that  at  Santa  Cruz, 
in  lat.  50°  S.,  the  plains,  have  been  uplifted  at  least 
1,400  feet,  since  the  period  when  gigantic  boulders 
were  transported  between  sixty  and  seventy  miles  from 
their  parent  rock,  on  floating  icebergs. 

Lastly,  considering  the  great  upward  movements 
which  this  long  line  of  coast  has  undergone,  and  the 
proximity  of  its  southern  half  to  the  volcanic  axis  of 
the  Cordillera,  it  is  highly  remarkable  that  in  the  many 
fine  sections  exposed  in  the  Pampean,  Patagonian 
tertiary,  and  Boulder  formations,  I  nowhere  observed 
the  smallest  fault  or  abrupt  curvature  in  the  strata. 

Gravel  Foiviation  of  Patagonia. 

I  will  here  describe  in  more  detail  than  has  been  as 
yet  incidentally  done,  the  nature,  origin,  and  extent  of 
the  great  shingle  covering  of  Patagonia :  but  I  do  not 
mean  to  aflSrm  that  all  of  this  shingle,  especially  that 
on  the  higlier  plains,  belongs  to  the  recent  period.  A 
thin  bed  of  sandy  earth,  with  small  pebbles  of  various 
porphyries  and  of  quartz,  covering  a  low  plain  on  the 
north  side  of  the  Eio  Colorado,  is  the  extreme  northern 
limit  of  this  formation.  These  little  pebbles  have 
probably  been  derived  from  the  denudation  of  a  more 
regular  bed  of  gravel,  capping  the  old  tertiary  sand- 
stone plateau  of  the  Eio  Negro.  The  gravel-bed  near 
the  Rio  Negro  is,  on  an  average,  about  ten  or  twelve 
feet  in  thickness  ;  and  the  pebbles  are  larger  than  on 
the  northern  side  of  the  Colorado,  being  from  one  to 
two  inches  in  diameter,  and  composed  chiefly  of  rather 
dark-tinted  porphyries.  Amongst  them  I  here  first 
noticed  a  variety  often  to  be  referred  to,  namely,  a 
peculiar  gallstone-yellow  siliceous  porphyry,  frequently. 


but  Dot  invaiiably,  containing  grains  of  c|uartz.  The 
pebbles  are  embedded  in  a  white  gritty  calcareous 
inalris  very  like  mortaJ,  sometimes  merely  coating 
with  a  whitewash  the  separate  stone?,  and  sometimes 
forming  the  greater  part  of  the  mass.  In  one  place  T 
nw  in  the  gnrd. ogneMSoBMy  aDdolM  (wok-  taufsioitjt 
«f  ar^atalUwl  fjrpinm,  ksbs  u  lufie  u  ft-nun*!  Und. 
I  ttaoad  t)tii  bed  tat  bitf-S^6  milw  iidand,  and  i*^ 
iinind  thtt  it  extended  bit  into  Um  iiriwior.  Ju  tiMf 
mutnte  of  thd  flalaareo-wfiUaoeotu  plaan  of  FH^aMi 
IwtDtttioa,  on.tbe  nortbarii  aide.'of  Chewkh  ratte7t«f 
the  Cdondo,  staoda  at  sboat  the  nine  Iiught  vith  the 
nortarJike  eemented  (fniTel  otpping  the  laHfatoiie  oB 
'iite  soutbern  side,  it  is  probable,  condderinf^  the  app^ 
rest  equability  of  the  subterranean  movements  along 
this  aide  of  America,  that  this  gravel  of  the  Bio  Negro 
and  the  upper  beds  of  the  Pampean  formation  ndrth- 
ward  of  the  Colorado,  are  of  n«arly  coatempotaneoua 
origin,  and  that  (he  calcareous  matter  haa  been  derived 
from  the  same  source. 

Southward  of  the  Rio  Xegro,  the  cliffs  along  the 
great  bay  of  S.  Antonio  are  capped  with  gravel :  at  SaQ 
Joaef,  I  found  that  the  pebbles  closely  resembled  those 
on  the  plain  of  the  Bio  Negro,  but  that  they  were  not 
cemented  by  calcareous  matter.  Between  San  Joaef 
and  Port  Desire,  I  was  assured  by  the  Officers  of  the 
Survey  that  the  whole  face  of  the  country  is  coated  with 
graveL  At  Port  Desire  and  over  a  space  of  twenty-five 
miles  inland,  on  the  three  step-formed  plains  and  in  the 
valleys,  I  everywhere  passed  over  gravel  which,  where 
■  thickest,  was  between  thirty  and  forty  feet.  Here,  as 
in  other  part-s  of  Patagonia,  the  gravel,  or  if«  sandy 
covering,  was,  as  we  have  seen,  often  strewed  with  re- 
cent marine  shells.  The  sandy  covering  sometimes 
fills  up  furrows  in  the  gravel,  as  does  the  gravel  in  the 
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underlyiDg  tertiary  formations.  The  pebbles  are  fre- 
quently whitewashed  and  even  cemented  togetlier  by 
a  peculiar,  white,  friable,  aluminous,  fusible,  substance, 
which  I  believe  is  decomposed  feldspar.  At  Port  Desire, 
the  gravel  rested  sometimes  on  the  basal  formation  of 
porphyry,  and  sometimes  on  the  upper  or  the  lower 
denuded  tertiary  strata.  It  is  remarkable  that  most 
of  the  porphyritic  pebbles  differ  from  those  varieties  of 
porphyry  which  occur  here  abundantly  in  situ.  The 
peculiar  gallstone-yellow  variety  was  common,  but  less 
numerous  than  at  Port  S.  Julian,  where  it  formed 
nearly  one-third  of  the  mass  of  gravel ;  the  remaining 
part  there  consisting  of  pale  gray  and  greenish  por- 
phyries with  many  crystals  of  feldspar.  At  Port  S. 
Julian,  I  ascended  one  of  the  flat-topped  hills,  tlie  de- 
nuded remnant  of  the  highest  plain,  and  found  it,  at 
the  height  of  950  feet,  capped  with  the  usual  bed  of 
gravel. 

Near  the  mouth  of  the  Santa  Cruz,  the  bed  of  gravel 
on  the  355  feet  plain  is  from  twenty  to  about  thirty- 
five  feet  in  thickness.  The  pebbles  vary  from  minute 
ones  to  the  size  of  a  hen's  egg,  and  even  to  that  of  half 
a  man's  head ;  they  consist  of  paler  varieties  of  porphyry 
than  those  found  farther  northward,  and  there  are  fewer 
of  the  gallstone-yellow  kind ;  pebbles  of  compact  black 
clay-slate  were  here  first  observed.  The  gravel,  as  we 
have  seen,  covers  the  step-formed  plains  at  the  mouth, 
head,  and  on  the  sides  of  the  great  valley  of  the  Santa 
Cruz.  At  a  distance  of  110  miles  from  the  coast,  the 
plain  has  risen  to  the  height  of  1,416  feet  above  the 
sea  ;  and  the  gravel,  with  the  associated  great  boulder 
formation,  has  attained  a  thickness  of  212  feet.  The 
plain,  apparently  with  its  usual  gravel  covering,  slopes 
up  to  the  foot  of  the  Cordillera  to  the  height  of  between 
3,200  and  3,300  feet.      In  ascending   the  valley,  the 
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Ugh  op,  w»  bate  pabfaliM  €f  «b7iM1Ibs  Md^Btfaw  zoaH 
eomfaet  day^lKtiv  qmrtMn  adilito  and  |Ml»-«olo«ni 
pMphjrriM;  tlMHio^%jiidgiBgbotltframtlkBgigntie 
ImikleniB  the  ■mttee  and  fion  waw  mail  pobUM 
eoibedded  boMBth  700  tet  ia  tht^neH  <tf  tha  oU 
tertiai7  abita,  an  the  premiliiig  kmdBintlui  imttf 
the  Cndillen;  pebUHof  Imali  firnn  thendgliboari^ 
ftraanu  (rf  faanUio  lava  an  abo  mmwnni;  then  an 
ftvor  none  of  the  reddidi  or  of  die  gallitone'Ta&mr 
porjAjriea  eo  eommon  naw  -  the  eoasL  HcBoe  the 
pefablM  on  the  350  feet  plain  at  the  mooth  of  the  8«te 
-CniB  emnot  have  been  derived  (with  the  exeqitiut  of 
thoee  of  compact  clay-fdate,  which,  however,  m^  equaUy 
well  have  come  irom  the  south)  from  the  Cordillera  in 
this  latitude ;  but  probably,  in  chief  part,  &om  fiuther 
north. 

Southward  of  the  Santa  Cruz,  the  gravel  may  be 
Been  continuously  capping  the  great  840  feet  plain :  at 
the  Bio  Gallegus,  where  this  plain  is  succeeded  by  a 
lower  one,  there  is,  as  I  am  informed  1^  Captain  Suli- 
van,  an  irr^ular  covering  of  gravel  from  ten  to  twelve 
feet  in  thickness  over  the  whole  country.  The  district 
on  each  side  of  the  Strait  of  Magellan  is  covered  up 
either  with  gravel  or  the  boulder  formation :  it  was 
interesting  to  observe  the  marked  difference  between 
the  perfectly  rounded  state  of  the  pebbles  in  the  great 
shingle  formation  of  Patagonia,  and  the  more  or  leas 
angular  fragments  in  the  boulder  formation.  The 
pebbles  and  fragments  near  the  Strait  of  Magellan 
nearly  all  belong  to  rocks  known  to  occur  in  Fuegia. 
I  was  therefore  much  surprised  in  dredging  south  of 
the  Strait  to  find,  in  laU  54°  10*  south,  many  pebbles 
of  the  gallstone-yellow  siliceous  porphyry ;  I  procured 
others  from  a  great  depth  off  Staten  Island,  and  others 
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were  brought  me  from  the  western  extremity  of  the 
Falkland  Islands.*  The  distribution  of  the  pebbles  of 
this  pecub'ar  porphyry,  which  I  venture  to  affirm  is  not 
found  in  situ  either  in  Fuegia,  the  Falkland  Islands, 
or  on  the  coast  of  Patagonia,  is  very  remarkable,  for 
they  are  found  over  a  space  of  840  miles  in  a  north  and 
south  line,  and  at  the  Falklands,  300  miles  eastward  of 
the  coast  of  Patagonia.  Their  occurrence  in  Fuegia 
and  the  Falklands  may,  however,  perhaps  be  due  to 
the  same  ice-agency  by  which  the  boulders  have  been 
there  transported. 

We  have  seen  that  porphyritic  pebbles  of  a  small 
size  are  first  met  with  on  the  northern  side  of  the  Rio 
Colorado,  the  bed  becoming  well  developed  near  the 
Rio  Negro  :  from  this  latter  point  I  have  every  reason 
to  believe  that  the  gravel  extends  uninterruptedly  over 
the  plains  and  valleys  of  Patagonia  for  at  least  630 
nautical  miles  southward  to  the  Rio  Gallegos.  From 
the  slope  of  the  plains,  from  the  nature  of  the  pebbles, 
from  their  extension  at  the  Rio  Negro  far  into  the 
interior,  and  at  the  Santa  Cruz  close  up  to  the  Cor- 
dillera, I  think  it  highly  probable  that  the  whole  breadth 
of  Patagonia  is  thus  covered.  If  so,  the  average  width 
of  the  bed  must  be  about  200  miles.  Near  the  coast 
the  gravel  is  generally  from  ten  to  thirty  feet  in  thick- 
ness ;  and  as  in  the  valley  of  Santa  Cruz  it  attains,  at 
some  distance  from  the  Cordillera,  a  thickness  of  214 
feet,  we  may,  I  think,  safely  assume  its  average  thick- 

'  At  my  request,  Mr.  Kent  collected  for  me  a  bag  of  pebbles  from 
the  beach  of  White  Rock  harbour,  in  the  northern  part  of  the  sound, 
between  the  two  Falkland  Inlands.  Out  of  these  well-rounded  pebbles, 
rarying  in  size  from  a  walnut  to  a  hen's  egg,  with  some  Inrger,  thirty- 
eight  evidently  belonged  to  the  rocks  of  these  islands ;  twenty-six 
were  similar  to  the  pebbles  of  porphyry  found  on  the  Patagonian  plains, 
which  rocks  do  not  exist  in  situ  in  the  Falklands  ;  one  pebble  belonged 
to  the  peculiar  yellow  siliceous  porphyry ;  thirty  were  of  doubtful 
origin. 


r 
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Ilea?  over  Uie  whole  area  of  630  by  200  miles,  at  fift 
Aetl         " 

Tbs  tenapettel  ud  origiB  of  iMt  VMt  bedi  tf  piibtt 
iflanimtmegtiiig  pcoUwi,  Trotn  tlie  rhuumt  iB  wUa 
tihey  MP  ilw  (Up-feiDBd  idftini,  worn  bj  Uw  Mft  vitU 
the  period  of  «^rfiiaK  shetis,  tbeii  depolUion,  at  laM 
on  tlw  plaiD*  «p  to  a  \t^^  t£  400  fitet,  OMUitM 
be«a  a  reooat  getdogioBl  event.  Finm  the  fiMtnof'tll 
eoatiiientf  we  maj  feel  mxe  that  they  hATe  ecHue  £tn 
liie  weefcinid,  ]^tnb)T,  in  ohief  part  fiom  the  Cofidillan 
but,  pCTbi^M,  pertly  fitan  unknown  rool^  ridgee  iatll 
neateal  dietrioU  of  Patagonia.  That  the  pebUw  lav 
not  beoi  tnnqiwted  by  riven,  &omtteiiilt«n(H'towaid 
the  ooast,  we  qoay  ooaolndfl  &om  the  fiewneiB  and  Hoalj 
nem  of  the  etreams  of  Patagonia :  moreover,  in  the  caa 
of  the  one  great  and  rapid  river  of  Santa  Cruz,  we  hav 
^ood  evidence  that  its  transporting  power  in  very  tiiflinj 
This  river  is  from  200  to  300  yards  in  width,  abou 
seventeen  feet  deep  in  its  middle,  and  runs  with  a  sin 
gular  degree  of  uniformity  &ve  knots  an  hour,  with  n< 
hikes  and  scarcely  any  still  reaches :  ueverthelees,  t 
give  one  instance  of  its  small  transporting  power,  upoi 
careful  examination,  pebbles  of  compact  basalt  couL 
not  be  found  in  the  bed  of  the  river  at  a  greater  distano 
than  ten  miles  below  the  point  where  the  stream  nishe 
over  the  debris  of  the  great  basaltic  cliffs  forming  it 
shore :  fragments  of  the  ceUutaT  varieties  have  bee: 
washed  down  twice  or  thrice  as  far.  That  the  pebble 
in  Central  and  Northern  Patagonia  have  not  been  trans 
ported  by  ice-agency,  as  seems  to  have  been  the  case  t 
a  considerable  extent  farther  south,  and  likewise  in  th 
northern  hemisphere,  we  may  conclude,  from  the  abseno 
of  all  angular  fragments  in  the  gravel,  and  from  th> 
complete  contrast  in  many  other  reepecta  between  th 
shingle  and  neighbouring  boulder  formation. 
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Looking  to  the  gravel  on  any  one  of  the  step-formed 
plains,  I  cannot  doubt,  from  the  several  reasons  assigned 
in  this  chapter,  that  it  has  been  spread  out  and  levelled 
by  the  long-continued  action  of  the  sea,  probably  during 
the  slow  rise  of  the  land*  The  smooth  and  perfectly 
rounded  condition  of  the  innumerable  pebbles  alone 
*  would  prove  long-continued  action.  But  how  the  whole 
mass  of  shingle  on  the  coast-plains  has  been  transported 
firom  the  moimtains  of  the  interior,  is  another  and  more 
difficult  question.  The  following  considerations,  how- 
ever, show  that  the  sea  by  its  ordinary  action  has  con- 
siderable power  in  distributing  pebbles.  A  table  has 
already  been  given,  showing  how  very  imiformly  and 
gradually  ^  the  pebbles  decrease  in  size  with  the  gradu- 
ally seaward  increasing  depth  and  distance.  A  series 
of  this  kind  irresistibly  leads  to  the  conclusion,  that 
the  sea  has  the  power  of  sifting  and  distributing  the 
loose  matter  on  its  bottom.  According  to  Martin 
White,*  the  bed  of  the  British  Channel  is  disturbed 
during  gales  at  depths  of  sixty-three  and  sixty-seven 
fathoms,  and  at  thirty  fathoms,  shingle  and  fragments 
of  shells  are  often  deposited,  afterwards  to  be  carried 
away  again.     Ground-swells,  which  are  believed  to  be 


'  I  may  moDtion,  that  at  the  distance  of  1 50  miles  firom  the  Patag^nian 
shore  I  carefully  examined  the  minute-rounded  particles  in  the  sand, 
and  found  them  to  be  fusible  like  the  porphyries  of  the  great  shingle 
bed.  I  could  even  distinguish  particles  of  the  gallstone-yellow  por- 
phyry. It  was  interesting  to  notice  how  gradually  the  particles  of 
white  quarts  increased,  as  we  approached  the  Falkland  Islands,  which 
are  thus  constituted.  In  the  whole  line  of  soundings  between  these 
islands  and  the  coast  of  Patagonia  dead  or  living  organic  remains 
were  most  rare.  On  the  relations  between  the  depth  of  water  and  the 
nature  of  the  bottom,  see  Martin  White  on  '  Soundings  in  the  Channel,* 
pp.  4,  6, 175 ;  also  Capt.  Beechey's '  Voyage  to  the  Pacific,'  chap,  xviii. 

*  'Soundings  in  the  Channel,'  pp.  4,  166.  H.  Siau  states  ('Edin. 
New  Phil.  Jour.'  vol.  zxxi.  p.  246),  that  he  found  the  sediment,  at  a 
depth  of  ISS  metres,  arranged  in  ripples  of  different  degrees  of  fineness. 
There  are  some  excellent  discussions  on  this  and  allied  subjects  in  Sir 
H.  De  la  Bechc's  *  Theoretical  Researches.' 

Q 
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esQted  by  distant  galea,  aeem  agpecially  to  afiaot  the 
bottom:  at  auch  timea,  aooofding  to  Sir  B.  SchanH 
boigk,'^  the  aea  to  a  great  diatanoe  round  the  Weat 
indiaa  T«T^^«s  at  deptha  firom  five  to  fifteen  fiithoni% 
beeomea  diacoloored,  and  even  the  anchora  of  veaada 
have  been  moved.  There  are,  however,  aome  diffieoltiea 
in  nnderatanding  how  the  aea  can  transport  pebUea 
lying  at  the  bottom,  for,  firom  ezperimenta  instated 
on  the  power  of  running  water,  it  would  appear  that 
the  eurrenta  of  the  aea  have  not  sufficient  veloeity  to 
move  atonea  of  even  moderate  aiie:  moreover,  I  have 
repeatedly  found  in  the  ikiost  expoeed  aituationa  that 
the  pebUea  which  lie  at  the  bottom  are  encruated  with 
full-grown  living  corallines,  furnished  with  the  moat 
delicate,  yet  unbroken  spines:  for  instance,  in  ten 
&thoms  water  off  the  mouth  of  the  Santa  Cruz,  many 
pebbles,  under  half  an  inch  in  diameter,  were  thus 
coated  with  Flustracean  zoophytes.*  Hence  we  must 
conclude  that  these  pebbles  are  not  often  violently  dis- 
turbed: it  should,  however,  be  borne  in  mind  that  the 
growth  of  corallines  is  rapid.  The  view,  propounded 
by  Prof.  Playfair,  will,  I  believe,  explain  this  apparent 
difficulty, — namely,  that  from  the  undulations  of  the 
sea  UrnAvag  to  lift  up  and  down  pebbles  or  other  loose 
bodies  at  the  bottom,  such  are  liable,  when  thus  quite 
or  partially  raised,  to  be  moved  even  by  a  very  small 

*  *  Journal  of  Royal  Geograph.  Soe.'  vol.  t.  p.  25.  It  appears  from 
Hr.  Scott  Rosseirs  inTestigations  (see  Mr.  Marchison's  'Anniver. 
Address  GWog.  Soc'  1843,  p.  40),  that  in  waves  of  translation  the 
motion  of  the  particles  of  water  is  nearly  as  great  at  the  bottom  as  at 
the  top. 

'  A  pebble,  one  and  a  half  inch  square  and  half  an  inch  thick,  was 
given  me,  dredged  up  from  twenty-seven  fathoms  depth  off  the  western 
end  of  the  FalUand  Islands,  where  the  sea  is  remarkably  stormy,  and 
■ubject  to  violent  tides.  This  pebble  was  encrusted  on  all  sides  by  a 
delicate  living  coralline.  I  have  seen  many  pebbles  from  depths 
between  forty  and  seventy  fathoms  thus  encrusted ;  one  from  the  latter 
depth  off  Gape  Horn. 
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force,  a  little  onwahls.  We  can  thus  undei-stand  how 
oceanic  or  tidal  currents  of  no  great  strength,  or  that 
recoil  movement  of  the  bottom-water  near  the  land, 
called  by  sailors  the  *  undertow '  (which  I  presume  must 
extend  out  seaward  as  far  as  the  breaking  waves  impel 
the  surface-water  towards  the  beach),  may  gain  ttbe 
power  during  storms  of  sifting  and  distributing  pebbles 
even  of  considerable  size,  and  yet  without  so  violaitly 
disturbing  them  as  to  injure  the  encrusting  corallines.^ 

The  sea  acts  in  another  and  distinct  manner  in 
the  distribution  of  pebbles,  namely  by  the  waves  on  the 
beach.  Mr.  Palmer,^  in  liis  excellent  memoir  on  this 
subject,  has  shown  that  vast  masses  of  shingle  travel 
with  surprising  quickness  along  lines  of  coast,  according 
to  the  direction  with  which  the  waves  break  on  the 
beach,  and  that  this  is  determined  by  the  prevailing 
direction  of  the  winds.  This  agency  must  be  powerful 
in  mingling  together  and  disseminating  pebbles  derived 
from  different  sources:  we  may,  perhaps,  thus  under- 
stand the  wide  distribution  of  the  gallstone-yellow 
porphyry ;  and  likewise,  perhaps,  the  gr^at  difference  in 
the  nature  of  the  pebbles  at  the  mouth-  of  the  Santa 

■ 

'  I  may  take  this  opportunity  of  remarking  on  a  sihgujtar  but  very 
common  character  in  the  form  of  the  bottom,  in  the  creeks  which  deeply 
penetrate  the  western  sliores  of  Tierra  del  Fuego ;  namely,  that  they  are 
almost  invariably  much  shallower  close  to  the  open  sea  at  their  mouths 
than  inland.  Thus,  Cook,  in  entering  Christmas  Sound,  first  had 
soundings  in  thirty-geven  fathoms,  then  in  fifty,  then  in  si^xty,  and  a 
little  farther  in  no  bottom,  with  170  fathoms.  The  sealers  are  so 
familiar  with  this  fact,  that  they  always  look  out  for  anchorage  near 
the  entrances  of  the  creeks.  Seo,  also,  on  this  subject,  the  '  Voyage  of 
the  Adventure  and  Beagle,'  vol.  i.  p.  375,  and  'Appendix,'  p.  313.  This 
shoalness  of  the  sea-channels  near  their  entrances  probably  results  from 
the  quantity  of  sediment  formed  by  the  wear  and  tear  of  the  outer  rocks 
exposed  to  the  full  force  of  the  open  sea.  I  have  no  doubt  that  many 
lakes,  for  instance  in  Scotland,  which  are  very  deep  within,  and  are 
separated  from  the  sea  apparently  only  by  a  tract  of  detritus,  were 
originally  sea-channels  with  banks  of  this  nature  near  their  mouths, 
which  have  since  been  upheaved. 

«  'Philosophical  Transactions,'  1834,  p.  576. 

Q  2 
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Oral  fiom  lliote  in  tlie  nine  latitude  at  fhe  heid  of  tlie 
YaDej. 

I  win  notpietend  to  aasign  to  tliew  aevenl  and 
oomidicated  agendea  their  duaes  in  the  diatributian  of 
the  Pfttagonian  ahingle;  hot  fiom  the  aevefal  ooDnden^ 
tioD8  given  in  tUn  chapter,  and  I  may  add,  from  the 
freqae&<7  of  a  c^iping  of  graTel  on  tertaaij  depoaita  in 
an  parts  of  the  worid,  as  I  have  myself  obaerved  and 
seen  stated  in  the  wodn  of  various  aiithon,  I  eannot  doobt 
that  the  power  of  widdy  dispening  gravel  is  an  oidinaiy 
contingent  on  the  action  of  the  sea ;  and  that  even  in 
the  case  of  the  great  Patagonian  shingle-bed  we  have 
no  occasion  to  caU  in  the  aid  of  debacles.  I  at  one 
time  imagined  that  pefhaps  an  immense  accomnlation 
of  shingle  had  originally  been  collected  at  the  foot  of 
the  Coidill^ra ;  and  that  this  accumulation,  when  up- 
raised above  the  leTcI  of  the  sea,  had  been  eaten  into 
and  partially  spread  out  (as  off  the  present  line  of  coast) ; 
and  that  the  newly-spread  out  bed  had  in  its  turn  been 
upraised,  eaten  into,  and  re-spread  out;  and  so  onwards, 
until  the  shingle,  which  was  first  accumulated  in  great 
thickness  at  the  foot  of  the  Cordillera,  had  reached  in 
thinner  beds  its  present  extension.  By  whatever  means 
the  gravel  formation  of  Patagonia  may  have  been  di»- 
tributed,  the  vastness  of  its  area,  its  thickness,  its 
superficial  position,  its  recent  origin,  and  the  great 
degree  of  similarity  in  the  nature  of  its  pebbles,  all 
appear  to  me  well  deserving  the  attention  of  geologists, 
in  relation  to  the  origin  of  the  widely-spread  beds  of 
conglomerate  belonging  to  past  epochs. 

FoTTnation  of  Cliffs. — ^A^'hen  Wewing  the  sea-worn 
cliffs  of  Patagonia,  in  some  parts  between  800  and  900 
feet  in  height,  and  formed  of  horizontal  tertiary  strata, 
which  must  once  have  extended  far  seaward — or  again, 
when  viewing  the  lofty  cliffs  round   many  volcanic 
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islands,  in  which  the  gentle  inclination  of  the  lava- 
streams  indicates  the  former  extension  of  the  land,  a 
difficulty  often  occurred  to  me,  namely,  how  the  strata 
could  possibly  have  been  removed  by  the  action  of  the 
sea  at  a  considerable  depth  beneath  its  surface.  The 
following  section,  which  represents  the  general  form  of 
the  land  on  the  northern  and  leeward  side  of  St.  Helena 
(taken  from  Mr.  Seal's  large  model  and  various  measure- 
ments), and  of  the  bottom  of  the  adjoining  sea  (taken 
chiefly  from  Captain  Austin's  survey  and  some  old 
charts),  will  show  the  nature  of  this  difficulty  : — 


1,600  feet 
■birveiea. 


No.  31. 
Sectioii  of  Coast  Clifb  and  Bottom  of  Sea,  off  the  Island  of  St  Helena. 


010  fe«t 
above  sea. 


100  fa.      2S0  fa. 


Lerelof 


Bottom  rocky 
only  to  a  depth  of 
five  or  six  fathoms. 


Mud  and  sand. 


Vertical  and  horizontal  scale,  two  inches  to  a  nantical  mile.  The  point  marked 
1,600  feet  is  at  the  foot  of  High  Knoll ;  point  marked  £10  feet  is  on  the  edge  of 
Ladder  HJll.    The  strata  consists  of  basaltic  streams. 


If,  as  seems  probable,  the  basaltic  streams  were 
originally  prolonged  with  nearly  their  present  inclina- 
tion, they  must,  as  shown  by  the  dotted  line  in  tlie 
section,  once  have  extended  at  least  to  a  point,  now 
covered  by  the  sea  to  a  depth  of  nearly  thirty  fathoms : 
but  I  have  every  reason  to  believe  they  extended  con- 
siderably farther,  for  the  inclination  of  the  streams  is 
less  near  the  coast  than  farther  inland.  It  should  also 
be  observed,  that  other  sections  on  the  coast  of  this 
island  would  have  given  far  more  striking  results,  but 
I  had  not  the  exact  measurements ;  thus,  on  the  wind- 
ward side,  the  cliffs  are  about  2,000  feet  in  height  and 
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the  cut-ofiF  lava  streams  very  gently  JDclined,  and  the 
bottom  of  the  sea  has  nearly  a  simitar  slope  all  round 
the  island.  How,  then,  haa  all  the  hard  basaltic  rock, 
which  once  e!rt«nded  beneath  the  surface  of  the  sea, 
been  worn  away?  According  to  Captain  Austin,  the 
bottom  is  uneven  and  rocky  only  to  that  very  small 
distance  from  the  beach  within  which  the  depth  is  from 
five  to  six  fathoms  ;  outside  this  line,  to  a  depth  of 
about  100  fathoms,  the  bottom  is  smooth,  gently  In- 
clined, and  formed  of  mud  and  sand  ;  outside  the  IdO 
&th(aas,  it  ^hmges  auddenly  into  aifttb<m>iU«  <|g|ilh% 
as  is  BO  very  oommonly  tii«  case  on  all  oowta  where 
sediment  is  acoumaUting.  At  greater  depths  than  tliB 
five  or  six  fathoms,  it  aeems  impoasible,  under  existii^ 
circumgtaaces,  that  the  sea  can  both  have  worn  away 
hard  rock,  in  parts  to  a  thickness  of  at  least  1 50  feet, 
and  have  depoiiited  a  smooth  bed  of  fine  sediment. 
Now,  if  we  had  any  reason  to  suppose  that  St.  Helena 
had,  during  a  long  period,  gone  on  slowly  sabsiding, 
every  difficulty  would  be  removed :  for  looking  at  the 
diagram,  and  imagining. a  fresh  amount  of  Bubsidence, 
we  can  see  that'the  waves  would  then  act  on  the  coast- 
cliffs  with  fresh  and  unimpaired  vigour,  whilst  the 
rocky  ledge  near  the  beach  would  be  carried  down  to 
that  depth,  at  which  sand  and  mud  would  be  deposited 
en  its  bare  and  uneven  surface ;  after  the  formation 
near  the  shore  of  a  new  rocky  shoal,  fresh  subsidence 
would  carry  it  down  and  allow  it  to  be  smoothly 
covered  up.  But  in  the  case  of  the  many  cliff-bounded 
islands,  for  instance  in  some  of  the  Canary  Islands  and 
of  Madeira,  round  which  the  inclination  of  the  strata 
shows  that  the  land  once  extended  far  into  the  depths 
of  the  sea,  where  there  is  no  apparent  means  of  hard 
rock  being  worn  away — are  we  to  suppose  that  all  these 
islands  have  slowly  subsided  ?     Madeira,  I  may  remark, 
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has,  according  to  Mr.  Smith  of  Jordan-hill,  subsided. 
Are  we  to  extend  this  conclusion  to  the  high,  cliff- 
bound,  horizontally-stratified  shores  of  Patagonia,  off 
which,  though  the  water  is  not  deep  even  at  the  dis- 
tance of  several  miles,  yet  the  smooth  bottom  of  pebbles 
gradually  decreasing  in  size  with  the  increasing  depth, 
and  derived  from  a  foreign  source,  seem  to  declare  that 
the  sea  is  now  a  depositing  and  not  a  corroding  agent  ? 
I  am  much  inclined  to  suspect,  that  we  shall  hereafter 
find  in  all  such  cases,  that  the  land  with  the  adjoining 
bed  of  the  sea  has  in  truth  subsided  :  the  time  will,  I 
believe,  come,  when  geologists  will  consider  it  as  im- 
probable, that  the  land  should  have  retained  the  same 
level  during  a  whole  geological  period,  as  that  the 
atmosphere  should  have  remained  absolutely  calm 
during  an  entire  season. 


Ciono*  ArcMpdage — Chiloe,  rtemt  and  gradiuil  drvalion  qf,  tradiliot 

the  inioMlanti  on  IkU  mbjicl — Coneepeimi,  earllu/uaie  and  ^KtHen 
f  ^.—VtirUtAiBO,  grrei  tievaliim  of,  vpraireil  thtd*.  rarik  of  marnu 
*  »rufin,graihialrvm  9/ thr  bad  Wilkin  tit  hittorieatpiTiod. — CddinirBO, 
'  '  11  of,  in  rectiit  timei.  trtracrt  -/  mnriiir  onj/ir..  licir  iiKliiatu,n. 
tJmr  aearpmtnit  nol  kmamtal — Gutuco,  gravd  Itmuxt  qf-^Copiapo. 
— PlBB — Vpraittd  tkttU  ef  Cobija,  Iftagat,  and  Jriea^Lma,  tUtll' 
btdl  and  KO-bMei  vk  San  Lomiio,  Banan  frBuniM,  /ottU  cartlkat~ 
«,  MrikjaaJa  deiaeie,  noait  lubtidata — On  tht  dteay  of  ^tpraitei 


GoHHENCiRa  at  the  sonth  and  proceeding  nortliwsrd, 
the  first  place  at  which  I  landed,  was  at  Cape  Tres 
Montes,  in  lat.  46*  35'.  Here,  on  the  shores  of  Christ^ 
mas  Ck>ve,  I  observed  in  several  places  a  beach  of 
pebbles  with  recent  shells,  about  twenty  feet  above 
high-water  mark.  Southward  of  Tres  Montes  (between 
lat.  47°  and  48°),  Byron '  remarks,  *  we  thought  it  veiy 
strange,  that  upon  the  summits  of  the  highest  hilU 
were  found  beds  of  sheila,  a  foot  or  two  thick.'  In  the 
Chonos  Archipelago,  the  island  of  Lemus  (lat.  44°  SC) 
was,  according  to  M.  Coste,*  suddenly  elevated  eight 
feet,  during  the  earthquake  of  1839:  he  adds,  '  des 
rochee  jadis  toujours  couvertes  par  la  mer,  restant 
aujourdliui  constamment  decouvertes.'     In  other  parts 
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of  this  archipelago,  I  observed  twp  terraces  of  gravel, 
abutting  to  the  foot  of  each  other  :  at  Lowe's  Harbour 
(43°  48^),  under  a  great  mass  of  the  boulder  formation, 
about  300  feet  in  thickness,  I  found  a  layer  of  sand, 
with  numerous  comminuted  fragments  of  sea-shells, 
having  a  fresh  aspect,  but  too  small  to  be  identitied. 

Thd  Island  of  Chiloe. — The  evidence   of  recent 
elevation  is  here  more  satisfactory.     The  bay  of  San 
Carlos  is  in  most  parts  bounded  by  precipitous  cliflfs 
from  about  ten  to  forty  feet  in   height,   their  bases 
being  separated  from  the  present  line  of  tidal  action 
by  a  talus,  a  few  feet  in  height,  covered  with  vegetation. 
In  one  sheltered  creek  (west  of  P.  Arena)  instead  of  a 
loose  talus,  there  was  a  bare  sloping  bank  of  tertiary 
mudstone,  perforated,  above  the  line  of  the   highest 
tides,  by  numerous  shells  of  a  Pholas  now  common  in 
the  harbour.     The  upper  extremities  of  these  shells, 
standing  upright  in  their  holes  with  grass  growing  out 
of  them,  were  abraded  about  a  quarter  of  an  inch,  to 
the  same  level  with  the  surroimding  worn  strata.     In 
other  parts,  I  observed  (as  at  Pudeto)  a  great  beach, 
formed  of  comminuted  shells,  twenty  feet  above  the 
present  shore.     In  other  parts,  again,  there  were  small 
caves  worn  into  the  foot  of  the  low  clifiFs,  and  protected 
from  the  waves  by  the  talus  with  its  vegetation :  one 
such   cave  which  I  examined,   had   its   mouth    about 
twenty  feet,  and  its  bottom,  which  was  filled  with  sand 
containing  fragments  of  shells  and  legs  of  crabs,  from 
eight  to  ten  feet  above  high-water  mark.     From  these 
several  facts,  and  from  the  appearance  of  the  upraised 
shells,  I  inferred  that  the   elevation  had  been  quite 
recent ;  and  on  inquiring  from  Mr.  Williams,  the  Port- 
master,  he  told  me  he  was  convinced  that  the  land  had 
risen,  or  the  sea  fallen,  four  feet  within  the  last  four 
years.     During  this  period,  there  had  been  one  severe 


earthquake,  but  no  particular  change  of  level  waa  then 
observed ;  from  the  habits  of  the  people  who  all  keep 
boats  in  the  protected  creeks,  it  is  absolutely  impossible 
that  a  rise  of  four  feet  could  have  taken  place  suddenly 
Hadbeanti^ecoeivacL  :Mr<  WiUiuw  belknrat  Untlte 
ohangci  hubeeD  quite  gnduaL  Without  the  danbegf 
novMUBt  eontiniw  at. a  qmdt  iate«  thert  can  be  no' 
dotdit  that  tlw  na.irill  non  destroj  the  iaba  of  eartfli 
at  I3te  foot  of  the  difb  nnmd  the  bay,  and  wiU  than 
leaeh  it«  fiinner  lateonl  eztesBioD,  but  not  of  oonna  Utt 
fanner  level :  some  of  the  inhaUtants  asamed  me^  tbrit 
one  Bodt  talui,  with  a  footpath  on  it,  ms  even  already 
jwnsibly  deareadng  in  width. 

I  Teoedred  Several  acoounta  of  beds  of  ahells,  asifltii^ 
at  considerable  heights  in  the  inland  parts  of  Cbiloe ; 
and  to  one  of  these,  near  Catiman,  I  was  guided  I7  a 
countiyman.  Here,  on  the  south  side  of  the  peniuBula 
of  Lacuy,  there  waa  an  immense  bed  of  the  Vmtus 
ooetellata  and  of  an  oyster,  lying  on  the  summit-edge 
of  a  piece  of  table  land,  350  feet  (by  the  barometer) 
above  the  level  of  the  sea.  The  sheUs  were  closely 
packed  tc^tfaer,  embedded  in  and  covered  by,  a  very 
black,  damp  peaty  mould,  two  or  three  feet  in'  thick- 
ness, out  of  which  a  forest  of  great  trees  was  growing. 
Considering  the  nature  and  dampness  of  this  peaty  soil, 
it  is  surprising,  that  the  fine  ridges  on  the  outside  of 
the  Venus  are  perfectly  preserved  though  all  the 
shells  have  a  blackened  appearance.  did  not  doubt 
that  the  black  soil,  which,  when  dry,  cakes  hard,  waa 
entirely  of  terrestrial  origin,  but  on  ezamining  it  under 
the  microscope,  1  found  many  very  minute  roimded 
fr^ments  of  shells,  amongst  which  I  could  distinguish 
bits  of  serpulee  aud  mussels.  The  Venua  coateUatOy 
and  the  ostrea  (0.  edulia,  according  to  Captain  King) 
are  now  the  commonest  shells  in  the  adjoining  bays. 
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In  a  bed  of  shells,  a  few  feet  below  the  350  feet  bed,  I 
found  a  horn  of  the  little  Cervua  humUis,  which  now 
inhabits  Chiloe. 

The  eastern  or  inland  side  of  Chiloe,  with  its  many 
adjacent  islet^  consists  of  tertiary  and  boulder  deposits, 
worn  into  irregular  plains  capped  by  gravel.  Near 
Castro,  and  for  ten  miles  southward,  and  on  the  islet  of 
Lemuy,  I  found  the  surface  of  the  ground  to  a  height 
of  between  twenty  and  thirty  feet  above  high-water 
mark,  and  in  several  places  apparently  up  to  fifty  feet, 
thickly  coated  by  much  comminuted  shells,  chiefly  of 
the  VentLS  coatellcUa  and  Mytilua  Chiloensia;  the 
species  now  mo$t  abundant  on  this  line  of  coast.  As 
the  inhabitants  carry  immense  numbers  of  these  shells 
inland,  the  continuity  of  the  bed  at  the  same  height 
was  often  the  only  means  of  recognising  its  natural 
origin.  Near  Castro,  on  each  side  of  the  creek  and 
rivulet  of  the  Gramboa,  three  distinct  terraces  are  seen : 
the  lowest  was  estimated  at  about  150  feet  in  height, 
and  the  highest  at  about  500  feet,  with  the  country 
irregularly  rising  behind  it;  obscure  traces,  also,  of 
these  same  terraces  could  be  seen  along  other  parts  of 
the  coast.  There  can  be  no  doubt  that  their  three 
escarpments  record  pauses  in  the  elevation  of  the 
island.  I  may  remark  that  several  promontories  have 
the  word  HUapi,  which  signifies  in  the  Indian  tongue, 
island,  appended  to  them,  such  as  Huapilinao,  Huapi- 
lacuy,  Caucahuapi,  etc. ;  and  these,  according  to  Indian 
traditions,  once  existed  as  islands.  In  the  same  manner 
the  term  Pulo  in  Sumatra  is  appended  *  to  the  names 
of  promontories,  traditionally  said  to  have  been  islands; 
in  Sumatra,  as  in  Chiloe,  there  are  upraised  recent 
shells.     The  Bay  of  Carelmapu,  on  the  mainland  north 

'  Miirsden's  'Sumatra,'  p.  31. 
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of  Chiloe,  ocoordaig  to  AgiiemM,'  wu  io  1643  «  good 
bubnur ;  it  is  oow  quite  ueelew,  except  for  bo8t«, 

Viildivia. — I  did  not  observe  here  aaj  distinct  proa& 
of  retx^t  elevation ;  but  in  a  bed  of  vejy  soft  sandstone, 
forming  a  fiinge-like  plain,  about  itixty  feet  in  height, 
round  the  bills  of  mica-«late,  there  are  Ehelle  of  Jljtilus, 
Crepidula,  Solen,  Novaculina,  and  C;rtbenE&,  too  im- 
perfect to  be  specifiealif  rect^nised.  At  Imperial, 
Kventy  miles  north  of  Vsldivia,  Aguerros  *  states  that 
there  are  large  beds  of  sbells,  at  a  considerable  distance 
from  the  roast,  which  are  burnt  for  lime.  The  island 
of  Mocha,  lying  a  little  north  of  Imperial,  was  uplifted 
two  fpet,'  during  the  earthquake  of  1 835. 

Conrj^pdoft. — I  cannot  add  anj-thing  to  the  excellent 
account  by  Captain  FitzBoy*  of  the  elevation  of  the 
land  at  this  place,  which  accompanied  the  earthqoak« 
of  1835.  I  will  only  recall  to  the  reocdlection  of 
geologists,  that  the  southern  end  of  the  island  of  St. 
Maiy  was  uplifted  eight  &et,  the  central  part  nine,  and 
the  Dorthem  end  ten  feet ;  and  the  whole  island  mora 
than  the  Burrounding  districts.  Great  beds  of  mussels, 
patelbe,  and  chitons  still  adhering  to  the  rocks  were 
upraised  above  high-wat«r  mark ;  and  some  acres  of  a 
rocky  flat,  which  was  formerly  always  covered  by  the 
sea,  was  left  standing  dry,  and  exhaled  an  offensive 
smell,  from  the  many  attached  and  putrefying  shells. 

■  'DgampcioD  HJtt.  ds  In  PioriDcia  de  Chiloj.'  p.  78.  From  tho 
■cconnt  given  hj  tbe  old  Spaniah  wriiera,  it  would  appear  that  mtbi&I 
otbor  barboan,  bHwccD  this  point  sod  ConcepcioD,  van  formerlj  mneh 
dMper  thna  the;  now  an. 

'  '  Drscripc  Hiet.'  p.  2S. 

'  '  Tojiif^  of  Adventnn  sad  Boigls.'  vol.  ii.  p.  415. 

*  Ibid.  vol.  ii.  p.  412  ttteq.  In  toI.  t.  (p.  601)  of  the  'Geological 
Trail Hictioni,'  I  have  given  no  Hixonnt  of  the  reninrkable  volcaoie 
phenomena,  which  secompnaied  this  eatthquake.  These  phsn 
appear  to  me  to  prove  that  the  action,  b;  whiFli  large  tracti 
are  upliflrd,  and  bj  which  volcanic  emptione  are  piodnced,  ii 
respect  identical. 
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It  appears  from  the  researches  of  Capt.  FitzRoy  that 
both  the  island  of  St.  Mary  and  Concepcion  (which  was 
uplifted  only  four  or  five  feet)  in  the  course  of  some 
weeks  subsided,  and  lost  part  of  their  first  elevation. 
I  will  only  add  as  a  lesson  of  caution,  that  round  the 
sandy  shores  of  the  great  Bay  of  Concepcion,  it  was 
most  difficult,  owing  to  the  obliterating  effects  of  the 
great  accompanying  wave,  to  recognise  any  distinct 
evidence  of  this  considerable  upheaval ;  one  spot  must 
be  excepted,  where  there  was  a  detached  rock  which 
before  the  earthquake  had  always  been  covered  by  the 
sea,  but  afterwards  was  left  uncovered. 

On  the  island  of  Quinquina  (in  the  Bay  of  Concep- 
cion), I  found,  at  an  estimated  height  of  400  feet, 
extensive  layers  of  shells,  mostly  comminuted,  but  some 
perfectly  preserved  and  closely  packed  in  black  vege- 
table mould ;  they  consisted  of  Concholepas,  Fissurella, 
Mytilus,  Trochus,  and  Balanus.  Some  of  these  layers 
of  shells  rested  on  a  thick  bed  of  bright-red,  dry,  friable 
earth,  capping  the  surface  of  the  tertiary  sandstone, 
and  extending,  as  I  observed  whilst  sailing  along  the 
coast,  for  150  miles  southward:  at  Valparaiso,  we  shall 
presently  see  that  a  similar  red  earthy  mass,  though 
,  quite  like  terrestrial  mould,  is  really  in  chief  part  ot 
recent  marine  origin.  On  the  flanks  of  this  island  of 
Quinquina,  at  a  less  height  than  the  400  feet,  there 
were  spaces  several  feet  square,  thickly  strewed  with 
fragments  of  similar  shells.  During  a  subsequent  visit 
of  the  Beagle  to  Concepcion,  Mr.  Kent,  the  assistant- 
8iu*geon,  was  so  kind  as  to  make  for  me  some  measure- 
ments with  the  barometer :  he  found  many  marine 
remains  along  the  shores  of  the  whole  bay,  at  a  height 
of  about  twenty  feet ;  and  from  the  hill  of  Sentinella 
behind  Talcahuano,  at  the  height  of  160  feet,  he  col- 
lected numerous  shells,  packed  together  close  beneath 


the  siirface  in  Mack  eartb,  consisting  of  two  epecies 
of  Mytiliis,  two  of  CrepiduU,  one  of  Concholepas,  of 
Fiesurella,  Venus,  Mactra,  Tiirbo,  Monoeeros,  and  the 
Balanvs  pmttacus.  These  ehells  were  bloacfaed,  and 
within  some  of  the  Balani  other  Balani  were  growing, 
showing  that  they  miist  have  long  lain  dead  in  the  sea. 
The  above  species  I  compared  with  living  ones  from 
the  l>ay,  and  foimd  them  identical ;  but  having  since 
lost  the  specimens,  I  cannot  give  their  names  :  this  is 
of  little  importance,  as  Mr.  Broderip  has  examined  a 
similar  collection,  made  during  Capt,  Beechey's  espedi- 
tion,  and  ascertained  tliat  they  consisted  of  ten  recent 
species,  associated  with  fragments  of  Echini,  crabs,  and 
Klustrfe;  some  of  these  remains  were  estimated  by 
Lieut.  Belcher  to  lie  at  the  height  of  nearly  a  1,000feet 
above  the  level  of  the  sea.'  In  some  places  round  the 
bay,  Mr.  Kent  observed  that  there  were  beds  formed 
exclusively  of  the  Mytilua  Chiloensis :  Uiis  species  now 
lives  in  part«  never  uncovered  by  the  tides.  At  con- 
siderable heights,  Mr.  Kent  found  only  a  few  shells; 
but  from  the  summit  of  one  hill,  625  feet  high,  he 
broi^bt  me  specimens  of  the  Concholepae,  MytUtis 
Chiloenaia,  and  a  Turbo.  These  shells  were  softer  and 
more  brittle  than  those  from  the  height  of  164  feet ; 
and  these  latter  had  obviously  a  much  more  ancient 
appearance  tbaa  the  same  species  from  the  height  of 
«nly  twenty  feet. 

poast  north  of  Concepcion. — The  first  point  exam- 
ined was  at  the  mouth  of  the  Kapel  (160  miles  N.  of 
Concepcion  and  sixty  miles  S.  of  Valparaiso),  where  I 
observed  a  few  shells  at  the  height  of  100  feet,  and 
some  barnacles  adhering  to  the  rocks  three  or  four  feet 
above  the  highest  tides :  M.  Gay '  found  here  recent 
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shells  at  the  distance  of  two  leagues  from  the  shore. 
Inland  there  are  some  wide,  gravel-capped  plains,  inter- 
sected by  many  broad,  flat-bottomed  valleys  (now  carry- 
ing insignificant  streamlets)  with  their  sides  cut  into 
successive  wall-like  escarpments,  rising  one  above 
another,  and  in  many  places,  according  to  M.  Gray, 
worn  into  caves.  The  one  cave  (C.  del  Obispo)  which 
I  examined,  resembled  those  formed  on  many  sea-coaat^ 
with  its  bottom  filled  with  shingle.  These  inland 
plains,  instead  of  sloping  towards  the  coast,  are  inclined 
in  an  opposite  direction  towards  the  Cordillera,  like  the 
successively  rising  terraces  on  the  inland  or  eastern  side 
of  Chiloe :  some  points  of  granite,  which  project  through 
the  plains  near  the  coast,  no  doubt  once  formed  a  chain 
of  outlying  islands,  on  the  inland  shores  of  which 
the  plains  were  accumulated.  At  Bucalemu,  a  few 
miles  northward  of  the  fiapel,  I  observed  at  the  foot 
and  on  the  summit-edge  of  a  plain,  ten  miles  from  the 
coast,  many  recent  shells,  mostly  comminuted,  but 
some  perfect.  There  were,  also,  many  at  the  bottom  of 
the  great  valley  of  the  Maypu.  At  San  Antonio,  shells 
are  said  to  be  collected  and  burnt  for  lime.  At  the 
bottom  of  a  great  ravine  (Quebrada  Onda,  on  the  road 
to  Casa  Blanca),  at  the  distance  of  several  miles  from 
the  coast,  I  noticed  a  considerable  bed,  composed  exclu- 
sively of  Mesodesma  donadforme^  Desh.,  lying  on  a 
bed  of  muddy  sand:  this  shell  now  lives  associated 
together  in  great  numbers,  on  tidal  flats  on  the  coast  of 
Chile. 

Valparaiso. 

During  two  successive  years  I  carefully  examined, 
part  of  the  time  in  company  with  Mr.  Alison,  ilito  all 
the  facts  connected  with  the  recent  elevation  of  this 
neighbourhood.     In  very  many  parts  a  beach  of  broken 


shelly  about  fourteen  or  fifteen  feet  above  bi^b-water 
mark,  may  be  obeerred;  &Dd  at  this  level  the  coast- 
rocks,  where  precipitous  are  corroded  ia  a  band.  At 
one  spot,  Mr.  Alison,  by  removing  some  birds'  dang, 
found  at  tbis  same  level  barnacles  adhering  to  the  rocks. 
For  se^'crat  miles  southward  of  tbe  bay,  almost  every 
flat  little  beadland,  between  tbe  beighU  of  60  and  230 
feet  (meainired  by  tbe  barometer),  is  smoothly  coated 
br  a  thick  mass  of  comminuted  iibells,  of  the  same 
species,  and  apparently  in  tbe  same  prop-^rtional  num- 
bers with  those  existing  in  the  adjoining  sea.  The 
Coocbolepaa  is  much  the  moit  abundant,  and  the  best 
preserved  ebell;  but  I  extracted  perfectly  pre^^rved 
ipedmeoi  of  the  WmmuHa  bJmdkUm,  a  Ti ii iifcwj  ■# 
BaUnufl  (both  well  known,  bnt  according  to  Mr.  Somcby 
yet  mmamed)  and  parta  of  the  MytUtu  CkUomMi*. 
Moat  of  these  shells,  as  well  as  an  encrusting  NullqMtn, 
partially  retain  their  colour ;  bat  tbey  are  brittle,  ind 
often  stained  red  &om  tJie  underlying  Iseociated  nou* 
of  primary  rocks ;  some  are  packed  together,  either  in 
black  or  reddish  mould ;  some  lie  loose  oo  the  bare 
rocky  snr&ces.  The  total  number  of  these  diella  is 
immense ;  they  are  less  numerous,  though  still  for  tram 
rare,  up  a  height  of  1,000  feet  above  the  sea.  On  tbe 
summit  of  a  bill,  measured  557  feet,  there  was  a  smatl 
horizontal  band  of  comminuted  shells,  of  which  many 
consisted  (and  likewise  from  lesser  heights)  of  very 
young  and  small  specimens  of  tbe  still  living  Con- 
cholepas,  Trochus,  Patellie,  Crepidulse,  and  of  Mytilus 
MagdUtnieus  (?):^  several  of  these  sbells  were  under 
a  quarter  of  an  inch  in  their  greatest  diameter.     My 

'  Hr.  Cuming  infomu  me  thst  he  do«e  cot  think  this  epede* 
ideoticsl  with,  though  danly  reeembling,  ths  true  if.  Mafftiimiciu  td 
the  ■onlhem  and  Futem  coast  of  Sonth  America  ;  it  lives  abntiiUiitlj 
oa  the  coaat  of  Qiila. 


CHIP.  IX.        Elevation  of  Valparaiso.  24 1 

attention  was  called  to  this  circumstance  by  a  native 
fisherman,  whom  I  took  to  look  at  these  shell-beds  ; 
and  he  ridiculed  the  notion  of  such  small  shells  having 
been  brought  up  for  food  ;  nor  could  some  of  the  species 
have  adhered  when  alive  to  other  larger  shells.  On 
another  hill,  some  miles  distant,  and  648  feet  high,  I 
found  shells  of  the  Concholepas  and  Trochus,  perfect, 
though  very  old,  with  fragments  of  MytUua  Chiloenais, 
all  embedded  in  reddish-brown  mould :  I  also  found 
these  same  species,  with  fragments  of  an  Echinus  and 
of  Balanue  psittacua^  on  a  hill  1,000  feet  high.  Above 
this  height,  shells  became  very  rare,  though  on  a  hill 
1,300  feet  high,^  I  collected  the  Concholepas,  Trochus, 
Fissurella,  and  a  Patella.  At  these  greater  heights  the 
shells  are  almost  invariably  embedded  in  mould,  and 
sometimes  are  exposed  only  by  tearing  up  bushes. 
These  shells  obviously  had  a  very  much  more  ancient 
appearance  than  those  from  the  lesser  heights ;  the 
apices  of  the  Trochi  were  often  worn  down ;  the  little 
holes  made  by  burrowing  animals  were  greatly  en- 
larged ;  and  the  Concholepas  was  often  perforated  quite 
through,  owing  to  the  inner  plates  of  shell  having 
scaled  off. 

Many  of  these  shells,  as  I  have  said,  were  packed  in, 
and  were  quite  filled  with,  blackish  or  reddish-brown 
earth,  resting  on  the  granitic  detritus.  I  did  not  doubt 
until  lately  that  this  mould  was  of  purely  terrestrial 
origin,  when  with  a  microscope  examining  some  of  it 
from  the  inside  of  a  Concholepas  from  the  height  of 
about  100  feet,  I  found  that  it  was  in  considerable  part 
composed  of  minute  fragments  of  the  spines,  mouth- 
bones  and  shells  of  Echini,  and  of  minute  fragments, 

'  Measured  by  the  barometer:  the  highest  point  in  the  range 
behind  Valparaiso  I  found  to  be  1,626  feet  above  the  level  of  the 
iK-a. 
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of  chiefly  \ery  young  Pat«UK,  Mytili,  iind  otLer  species. 
I  found  similar  microBcopical  fragments  in  earth  filling 
up  the  central  orifices  of  some  large  FisaurellEB.  This 
earth  when  crushed  emits  a  sickly  emell,  precisely  like 
that  from  garden-mould  mixed  with  guano.  The  earth 
accidentally  preserved  within  the  sheila,  from  the  greater 
heights,  has  the  same  general  appearance,  but  it  is  a 
little  redder ;  it  emits  the  same  amell  when  rubbed,  but 
I  was  unable  to  detect  with  certainty  any  marine  remains 
in  it>  Thii  ovidt  i—wiMw  in  gmaiai  hhwhimw,  ■ 
ba£m  mudud^tiiit  coping  tlM  lotb  <^  QaUifttM 
im  the  Bay  (tf  Oonoepciflo,  on  iriudi  bedi  flf  fM-AAl 
.k^.  IbaTi^alnitthowB  tbst  the  blaa^pea^nllt^ift  '. 
lAklh  the  altelb  at  the  height  of  350  feet  at  CUh» 
wore  packedf  contained  many  minute  fracmentB  of 
muiiie  animriR.  These  fact«  appear  to  me  intocstiog, 
as  they  riiow  that  scale,  which  would  oaturally  be  ooq- 
flidered  of  purely  terrestrial  nature,  may  owe  their  Migin 
in  chief  part  to  the  eea. 

Being  well  aware  from  what  I  have  seen  at  Chiloe 
and  in  Tierra  del  Fuego,  that  vant  quantities  of  shellB 
are  carried,  during  Buccesaive  ages,  far  inland,  where  the 
inhabitants  chiefly  Bubeist  on  these  productions,  I  am 
bomid  to  state  that  at  greater  heights  than  557  feet, 
where  the  number  of  very  young  and  small  shells  proved 
that  they  had  not  been  carried  up  for  food,  the  only 
evidence  of  the  shells  having  been  naturally  left  by  the 
eea,  consists  in  their  invariable  and  uniform  appearance 
of  extreme  antiquity — in  the  distance  of  some  of  the 
places  from  the  coast,  in  others  being  inaccessible  from 
the  nearest  part  of  the  beach,  and  in  the  absence  t& 
fresh  water  for  men  to  drink — in  the  shells  "oat  lying 
in  heaps, — and,  lastly,  in  the  close  similarity  of  the 
soil  in  which  they  are  embedded,  to  that  which  lower 
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down  can  be  unequivocally  shown  to  be  in  great  part 
formed  from  the  debris  of  the  sea  animals.^ 

With  respect  to  the  position  in  which  the  shells  lie, 
I  was  repeatedly  struck  here,  at  Concepcion,  and  at 
other  places,  with  the  frequency  of  their  occurrence  on 
the  summits  and  edges  either  of  separate  hills,  or  of 
little  flat  headlands  often  terminating  precipitously 
over  the  sea.  The  several  above-enumerated  species  of 
Mollusca,  which  are  found  strewed  on  the  surface  of 
the  land  from  a  few  feet  above  the  level  of  the  sea  up 
to  the  height  of  1,300  feet,  all  now  live  either  on  the 
beach,  or  at  only  a  few  fathoms'  depth :  Mr.  Edmonston, 
in  a  letter  to  Prof.  E.  Forbes,  states  that  in  dredging 
in  the  Bay  of  Valparaiso,  he  found  the  common  species 
of  Concholepas,  Fissurella,  Trochus,  Monoceros,  Chi- 
tons, &c.  living  in  abundance  from  the  beach  to  a  depth 
of  seven  fathoms  ;  and  dead  shells  occurred  only  a  few 
£Eithoms  deeper.  The  common  Turritella  cmguiata 
was  dredged  up  living  at  even  from  ten  to  fifteen 
fathoms  ;  but  this  is  a  species  which  I  did  not  find  here 
amongst  the  upraised  shells.  Considering  this  fact  of 
the  species  being  all  littoral  or  sub-littoral,  considering 
their  occurrence  at  various  heights,  their  vast  numbers, 
and  their  generally  comminuted  state,  there  can  be 
little  doubt  that  they  were  left  on  successive  beach-lines 

*  In  the  •  Proceeclings  of  the  Geolog.  Soc.'  vol.  ii.  p.  446, 1  have 
giveo  a  brief  account  of  the  upraised  shells  on  the  coast  of  Chile,  and 
have  there  stated  that  the  proofs  of  elevation  are  not  satisfactory  above 
the  height  of  230  feet.  I  had  at  that  time  unfortunately  overlooked  a 
separate  page  written  during  my  second  visit  to  Valparaiso,  describing 
tlie  fthells  now  in  my  possession  from  the  557  feet  hill;  I  had  not  then 
.unpacked  my  collections,  and  had  not  reconsidered  the  obvious  appear- 
ance of  greater  antiquity  of  the  shells  from  tlie  greater  heights,  nor  had 
I  at  that  time  discoveretl  the  marine  origin  of  the  earth  iu  which  many 
of  the  shell^^  arc  packoil.  Considering  these  factts,  I  do  not  now  feel  a 
shadow  of  doubt  that  the  shells,  at  the  height  of  1,300  feet,  hivve  been 
upraised  by  natural  causes  into  their  present  position. 
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Airing  ft  gndnlflmMoiKifllHln^  T  iilimiiaM. 
bowerar,  of  ■»  maxf  vMs  aad  pofcotfy-  pmorMl 
AnTh  inrfim  at  fint  ■  itHltiiiTfj  nn  tMntirr  amJikm 
&«  tfattha  MMt  ii  espond  to  tte  fidl  ftirw  oT  aA 
•pBB  oeau:  bvi  «•  any  MqiptM^  attier  tet  ttHM. 
ibdb  wwB  tlafPim  Airinf  gdn  «n  flat  laden  of  iwk 
joit  «bon  the  Isral  of  fai^-«star  nnk,  ud  Um* 
dsriag  Oie  olsvBtian  of- the  laad  tltejr  wwe  asrer  i^ita 
toDnhad  bf  the  «sra,  or,  that  dorii^  eal!thctllakc[^  waA 
m  UWM  of  I8U,  18S5,nd  1U7, rocky raeft  eomed 
vidi  amine  airimiih  were  at  ooe  Umr  iqilifiad  aboiM 
the  fiit»a  flcadi  of  the  na.  '"■^- *■**— rrirliiirtiim  1% 
parhapa,  tin  moat  probabta  mm  with  reapect  to  the  beda 
at  OoooepouHi  entinlj  oompoaed  of  the  MyHIma  Ohi- 
foenais,  a  ipecies  which  lives  below  the  lowest  tidea  ; 
and  likewise  with  respect  to  the  great  beds,  occurring 
both  north  and  south  of  Valparaiso,  of  the  Metodemna 
dowieiforme, — a  ^ell  which,  as  I  am  informed  hf  Mi. 
Cuming,  inhabits  saDd-faonkB  at  the  level  of  the  loweat 
tides.  But  «Ten  in  the  case  of  shells  having  the  habita 
of  this  Mjtilns  and  Mesodesma,  beds  of  them,  wherever 
the  sea  gently  throws  up  sand  or  mud,  and  thus  protects 
its  own  accumohitionn,  might  be  upraised  by  the  slowest 
'movement,  and^et  remain  undisturbed  by  tlie  waves  of 
each  new  beach-line. 

It  is  worthy  of  remark,  that  nowhere  near  Valparaiso 
nbove  the  height  of  twenty  feet,  or  rarely  of  fifty  feet,  i 
I  saw  any  linee  of  erosion  on  the  solid  rocks,  or  any 
beds  of  pebbles ;  this,  I  believe,  may  be  accounted  for 
hy  the  diHintegrating  tendency  of  most  of  the  rocks  in 
this  neighbourhood.  Nor  is  the  land  here  modelled 
into  terraces;  Mr.  Alison,  however,  informs  me,  that 
on  both  sides  of  one  narrow  ravine,  at  the  height  of 
300  feet  above  the  sea,  he  found  a  succession  of  rather 
indistinct  step-formed  beaches,   composed    of  brokoi 
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riiells,  which  together  covered  a  space  of  about  eighty 
feet  vertical. 

I  can  add  nothing  to  the  accounts  already  published 
of  the  elevation  of  the  land  at  Valparaiso,*  which  ac- 
companied the  earthquake  of  1822 :  but  I  heard  it 
confidently  asserted,  that  a  sentinel  on  duty,  immedi- 
ately after  the  shocks  saw  a  part  of  a  fort,  which  pre- 
viously was  not  within  the  line  of  his  vision,  and  this 
would  indicate  that  the  uplifting  was  not  horizontal : 
it  would  even  appear  from  some  facts  collected  by  Mr. 
Alison,  that  only  the  eastern  half  of  the  bay  was  then 
elevated.     Through  the  kindness  of  this,  same  gentle- 
man, I  am  able  to  give  an  interesting  account  of  the 
changes  of  level,  which  have  supervened  here  within 
historical  periods  :  about  the  year  1680. a  long  sea-wall 
(or  Prefil)  was  built,  of  which  only  a  few  fragments 
now  remain ;  up  to  the  year  1817,  the  sea  often  broke 
over  it,  and  washed  the  houses  on  the  opposite  side  of 
the  road  (where  the  prison  now  stands) ;  and  even  in 
1819,  Mr.  J.  Martin  remembers  walking  at  the  foot  of 
this  wall,  and  being  often  obliged  to  climb  over  it  to 
escape  the  waves.     There  now  stands  (1834)  on  the 
seaward  side  of  this  wall,  and  between  it  and  the  beach, 
in  one  part  a  single  row  of  houses,  and  in  another  part 
two  rows  with  a  street   between  them.      This   great 
extension  of  the  beach  in  so  short  a  time  cannot  be 
attributed  simply  to  the  accumulation  of  detritus ;  for 
a  resident  engineer  measured  for  me  the  height  between 
the  lowest  part  of  the  wall  visible,  and  the  present 
beach-line  at  spring-tides,  and  the  difference  was  eleven 
feet  six  inches.     The  church  of  S.  Augustin  is  believed 
to  have  been  built  in  1614,  and  there  is  a  tradition  that 

»  Dr.  Meyon  ('  Reise  urn  Erdo,'  Th.  I.  b.  221)  found  in  1831  sea- 
weed  and  other  bodies  still  adhering  to  some  rocks  Tirhich  during  the 
shock  of  1822  were  lifted  above  the  sea. 
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the  Sea  formerly  flowed  very  near  it ;  by  levelling,  its 
foundations  were  found  to  ufand  ninetecD  feet  six  inches 
above  the  highest  beach-line :  bo  that  we  see  in  a  period 
(if  22(J  years,  the  elevation  cannot  have  Iteen  as  much 
wmMUea  fart  dz  liiebM^  -  fjram  Ch»  fJMti  g<*«i  vHk' 
iiVeotto1teHlMnU,'iad  from  tiw  tartinMnyoFthft  - 
dte  iddittKt^iti|ipMn  ewlaia  Out  Oe  ehiAgB  fn 
tofd  bflgsn  4o  bs  naaifcit  dioDt  the*  Tnr  1817.  'He 
oiiljr  nxUMt .  akTBtim  of  iHiidi'  then  if  uj  imoid 
oecnmd  in  I89t,  and  this  MenM  to  haro  bem  Imb  tlaii 
tfans  feet  Kaoe  tiutt  yrar,  IwusMond'lir  nmnd 
wapetaat'obaerTOT^tlB*  pMiof  aa  old  wteak;  Mklt 
ia  finnly  ambeddod  near  Ote  1>eael),-bas  aauClil^ 
«ne^ed;  faenoe  bem,  as  at'Chilofl,  a  alow  riw  of  the 
land  appears  to  be  now  in  progrese.  It  aeems  bighfy 
probable  that  the  rocks  which  are  corroded  in  a  band 
at  the  height  of  fourteen  feet  above  the  sea  were  acted 
on  during  the  period,  when  by  tradition  the  base  of 
S.  AugUBtin  church,  dow  nineteen  feet  six  inches  above 
the  highest  water-mark,  was  occasionally  washed  by 
the  waves. 

Vcdpara'Uo  to  Coquimbo. — For  the  first  seventy- 
five  miles  north  of  Valparaiso  I  followed  the  coast-road, 
and  throoghoat  this  space  I  observed  innumerable 
masses  of  upraised  shells.  About  Quintero  there  are 
immense  accumulations  (worked  for  lime)  of  the  Meso- 
deama  donadforme^  packed  in  sandy  earth,  they  abound 
chiefly  about  fifteen  feet  above  high-water,  hut  shells 
are  here  found,  according  to  Mr.  Miers,'  to  a  height  of 
500  feet,  and  at  a  distance  of  three  leagues  from  the 
coaftt :  I  here  noticed  barnacles  adhering  to  the  rocks 
three   or   four  feet  above  the  highest  tides.     In  the 

'  '  Travels  in  Chile,'  voL  i.  pp.  4fi8,  385.  I  rweived  eevetBl  similar 
■ocount*  from  Uia  inhnlnUuiU,  sod  ms  asrared  that  ihtie  are  mui^ 
■helU  on  thr  plaJD  of  Cua  Blanca,  betWMD  ValpaniBO  and  Suitiago,  at 
•ha  height  of  BOO  feet. 
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neighbourhood  of  Plazilla  and  Catapilco,  at  heights  of 
between  200  and  300  feet,  the  number  of  comminuted 
shells,  with  some  perfect  ones,  especially  of  the  Meso- 
desma,  packed  in  layers,  was  truly  immense :  the  land 
at  Plazilla  had  evidently  existed  as  a  bay,  with  abrupt 
rocky  masses  rising  out  of  it,  precisely  like  the  islets  in 
the  broken  bays  now  indenting  this  coast.  On  both 
sides  of  the  rivers  Ligua,  Longotomo^  Gruachen,  and 
Quilimari,  there  are  plains  of  gravel  about  200  feet  in 
height,  in  many  parts  absolutely  covered  with  shells. 
Close  to  Conchalee,  a  gravel-plain  is  fronted  by  a  lower 
and  similar  plain  about  sixty  feet  in  height,  and  this 
again  is  separated  from  the  beach  by  a  wide  tract  of 
low  land :  the  surfaces  of  all  three  plains  or  terraces 
were  strewed  with  vast  numbers  of  the  Concholepas, 
Mesodesma,  an  existing  Venus,  and  other  still  existing 
littoral  shells.  The  two  upper  terraces  closely  resemble 
in  miniature  the  plains  of  Patagonia ;  and  like  them 
are  furrowed  by  dry,  flat-bottomed,  winding  valleys. 
Northward  of  this  place  I  turned  inward ;  and  therefore 
found  no  more  shells :  but  the  valleys  of  Chuapa,  Illapel, 
and  Limari,  are  bounded  by  gravel-capped  plains,  often 
including  a  lower  terrace  within.  These  plains  send 
bay-like  arms  between  and  into  the  surrounding  hills ; 
and  they  are  continuously  united  with  other  extensive 
gravel-capped  plains,  separating  the  coast  mountain- 
ranges  from  the  Cordillera. 


CoquinnJbo, 

A  narrow  fringe-like  plain,  gently  inclined  towards 
the  sea,  here  extends  for  eleven  miles  along  the  coast, 
with  arms  stretching  up  between  the  coast-mountains, 
and  likewise  up  the  valley  of  Coquimbo :  at  its  southern 
extremity  it  is  directly  connected  with    the  plain  of 


Limari,  out  of  which  hills  abruptly  rise  like  islets,  and 
other  hills  project  like  headlands  on  a  coast.  The 
surface  of  the  fringe-like  plain  appears  level,  but  differs 
insensibly  in  height,  and  greatly  in  composition,  in 

different  part?. 

«tnbteiAoliraf««ni*  "ad  Blandt  &omSMto89)» 
Art  above  tbfr  Isvd  of  tha  tm,  bang  about  100  fteil> 
Uj^ier  than  in  otber  parii.  In  tbeae  otimr  «id -hHNr 
pacti,  Um  iqparfieial  be^'onuiflt  <rf  flaleaicons  laattHSi 
and  reat  <ni  aooifliit  tertiaij  defionto  luMafter^  ttf'fttf 
deaoiibed..  Tbe  nppennoet  eaJsaraooB  laTor  li  iiiMJiil ' 
oeloarad,  eompaofe,  ano(Ab-&Bctorad,  unVatafaefciftiMl^ 
and  eontaim  Bome  Band,  eartJiy  matter,  and  rooest  dialbk 
It  lies  on,  and  sends  wedge-like  reins  into,*  a  mtich 
more  friable,  calcareous,  tuff-like  variety;  and  both 
rest  on  a  mass  about  twenty  feet  in  thickness,  formed 
of  fragments  of  recent  shells,  with  a  few  whole  ones, 
and  with  small  pebbles  firmly  cemented  together.  This 
latter  rock  is  cidled  by  the  inhabitants  loea,  and  is  used 
for  building :  in  many  parts  it  is  divided  into  strata, 
which  dip  at  an  angle  of  ten  degrees  seaward,  and  ap- 
pear as  if  they  had  originally  been  heaped  in  successive 
layers  (as  may  be  seen  on  coral-reefs)  on  a  steep  beach. 
This  stone  is  remarkable  from  being  in  parts  entirely 
formed  of  empty,  pellucid  capsules  or  cells  of  calcareoQB 
matter,  of  the  size  of  small  seeds :  a  series  of  specimens 
tutequivocally  showed  that  all  these  capsules  once  con- 
tained minute  rounded  fragments  of  shells  which  have 


'  Id  mnoy  reepeeta  this  nppcr  hard,  and  tbe  Dnderlpnft  mors 
friable  vunetin.  resemble  the  gnat  taprrfldiil  beds  at  King  George'a 
Sound  in  Anatralis.  which  I  hiiTe  desi;ribed  in  Chapter  VII.  p.  161. 
There  coald  be  liule  doubt  that  the  upper  layers  there  have  been 
haidened  bj  the  actian  of  rein  on  tbe  friable  calcsreonii  mnlter,  and 
that  the  vhole  mass  ban  onginated  in  the  decaj  of  minutelj  eomnii- 
nuCed  «ea-shelU  and  corals. 


f^^-  ^i^-m'^mm 
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since  been  gradually  dissolved  by  water  percolating 
through  the  mass.^ 

The  shells  embedded  in  the  calcareous  beds  forming 
the  surface  of  this  fringe-like  plain,  at  the  height  of 
from  200  to  250  feet  above  the  sea,  consist  of, 


1.  Venus  opaca. 

2.  Mulinia  Bjronensis. . 

3.  Pecten  purparatus. 

4.  Mesodesma  donaci forme. 
6.  Turritella  ciDgnlata. 


6.  Monocopos  costatum. 

7.  Concholepas  Peruyiaiui. 

8.  Trochus  (common  Valpa- 

raiso species). 

9.  Calyptrsea  Bjronensis. 


Although  these  species  are  all  recent,  and  are  all 
found  in  the  neighbouring  sea,  yet  I  was  particularly 
struck  with  the  diflference  in  the  proportional  numbers 
of  the  several  species,  and  of  those  now  cast  up  on  the 
present  beach.  I  found  only  one  specimen  of  the  Con- 
cholepas, and  the  Pecten  was  very  rare,  though  both 
these  shells  are  now  the  commonest  kinds,  with  the 
exception,  perhaps,  of  the  CahfpircRa  radiaiiSy  of  which 
I  did  not  find  one  in  the  calcareous  beds.  I  will  not 
pretend  to  determine  how  far  this  difference  in  the 
proportional  nmnbers  depends  on  the  age  of  the  deposit, 
and  how  far  on  the  difference  in  nature  between  the 
present  sandy  beaches  and  the  calcareous  bottom,  on 
which  the  embedded  shells  must  have  lived. 

On  the  bare  surface  of  the  calcareous  plain,  or  in  a 
thin  covering  of  sand,  there  were  lying  at  a  height  from 
200  to  252  feet,  many  recent  shells,  which  had  a  much 
fresher  appearance  than  the  embedded  ones  :  fragments 
of  the  Concholepas,  and  of  the  common  Mytilus,  still 
retaining  a  tinge  of  its  colour,  were  numerous,  and 
altogether  there  was  manifestly  a  closer  approach  in 
proportional  numbers  to  those  now  lying  on  the  beach. 
In  a  mass  of  stratified,  slightly  agglutinated  sand,  which 
in  some  places  covers  up  the  lower  half  of  the  seaward 

'  I  have  already  had  occasion  to  describe  this  rock  in  Chapter  VII. 
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escarpinent  of  the  plain,  the  included  shells  appeared  to 
be  in  exactly  the  same  proportional  numbers  with  thoae 
on  the  bench.  On  one  side  of  a  steep-sided  ravine, 
cutting  through  the  plain  behind  Herradura  Bay,  I 
observed  a  narrow  strip  of  stratified  sand,  containing 
similar  shells  in  similar  proportional  numbers :  a  section 
of  the  ravine  is  represents!  in  the  following  diagram, 
wliich  serves  also  to  show  the  general  composition  of  the 
plain.  I  mention  this  case  of  the  ravine  chiefly  becanwe 
Hjibout  thB  eridenoe  fS.  the  nwrine  dkel]*  in^bs jipa^* 
aoy  one  voald  have  anpppaed  tliat  It  liad  been  IkoDliind 
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The  escarpment  of  the  fringe-like  phiin,  whidb 
stretches  for  eleven  miles  along  the  coast,  is  in  some 
parts  fronted  by  two  or  three  narrow,  step-formed  ter- 
races, one  of  which  at  Herradura  Bay  expands  into  a 
small  plain.  Its  eurface  was  there  formed  of  gravel, 
cemented  together  by  calcareous  matter ;  and  out  of  it 
I  extracted  the  following  recent  shells,  which  are  in 
a  more  perfect  condition  than  those  fro^  the  upper 
plain : — 
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1.  CSalyptnea  radians. 

2.  Tonritella  cingnlata. 

3.  Oliya  PemTiana. 

4.  Mnrax  labiosns,  yar. 

5.  Naesa  (identical  with  a  living 
species). 

6.  tiolen  Dombeiana. 

7.  Pecten  purpuratus. 

8.  Venos  Ghilensis. 


9.  Amphidesma  rugnlosum.  The 
small  irregular  wrinkles  of  the 
posterior  part  of  this  shell  are 
rather  stronger  than  in  the 
receot  specimens  of  this  species 
from  Coquimbo.  (G.  B. 
Sowerby.) 

10.  Balanus  (identical  with  living 
species). 


On  the  syenitic  ridge,  which  forms  the  southern 
boundary  of  Herradura  Bay  and  Plain,  I  found  the 
Concholepas  and  Turritella  cingulata  (mostly  in  frag- 
ments), at  the  height  of  242  feet  above  the  sea.  I  could 
not  have  told  that  these  shells  had  not  formerly  been 
brought  up  by  man,  if  I  had  not  found  one  very  small 
mass  of  them  cemented  together  in  a  friable  calcareous 
tuflf.  I  mention  this  fact  more  particularly,  because  I 
carefully  looked,  in  many  apparently  favourable  spots, 
at  lesser  heights  on  the  side  of  this  ridge,  and  could  not 
find  even  the  smallest  fragment  of  a  shell.  This  is  only 
one  instance  out  of  many,  proving  that  the  absence  of 
sea-shells  on  the  surface,  though  in  many  respects  inex- 
plicable, is  an  argument  of  very  little  weight  in  opposi- 
tion to  other  evidence  on  the  recent  elevation  of  the 
land.  The  highest  point  in  this  neighbourhood  at  which 
I  found  upraised  shells  of  existing  species  was  on  an 
inland  calcareous  plain,  at  the  height  of  252  feet  above 
the  sea. 

It  would  appear  from  Mr.  Caldcleugh's  researches,* 
that  a  rise  has  taken  place  here  within  the  last  century 
and  a  half ;  and  as  no  sudden  change  of  level  has  been 
observed  during  the  not  very  severe  earthquakes,  which 
have  occasionally  occurred  here,  the  rising  has  probably 
been  slow,  like  that  now,  or  quite  lately,  in  progress  at 
Chiloe  and  at  Valparaiso  :  there  are  three  well-known 
rocks,  called  the  Pelicans,  which  in  1710,  according  to 
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Fetiillee,  were  afi-ewr  d'eaic,  but  now  are  said  to  stand 
twelve  feet  above  low-water  mark :  the  spring-tides  rise 
bere  only  five  feet.  There  is  another  rock,  now  nine 
feet  above  high-water  mark,  which  iu  the  time  of  Frezier 
and  of  Feuillee  rose  only  five  or  six  feet  out  of  water. 
Mr.  Caldcleiigh,  I  may  add,  also  shows  (and  I  received 
similar  accounts)  that  there  has  been  a  considerable 
decrease  in  the  soundings  during  the  last  twelve  years 
in  the  Bays  of  Coquimbo,  Concepcion,  Valparaiso,  and 
Guasco ;  but  as  in  these  cases  it  is  nearly  impossible  to 
distinguish  between  the  accumulation  of  sediment  and 
the  upheavement  of  the  bottom,  I  have  not  entered  into 
.  any  details. 

VaUey  of  Goquimbo. — The  narrow  coast-piaiu  emds, 
as  before  stat«d,  an  arm,  or  more  correctly  a  fringe  on 
both  sides,  but  chiefly  on  the  southern  aide,  several 
miles  up  the  valley.  These  fringes  are  worn  into  steps 
or  terraces,  which  present  a  most  remarkable  appear- 
ance, and  have  been  compared  (though  not  v*ery  cor- 
rectly) by  Capt.  Basil  Hall,  to  the  parallel  roads  of  Glen 
Roy  in  Scotland  :  their  origin  has  been  ably  discussed 
by  Mr.  Lyell.'  The  first  section  which  1  will  give,  is 
not  drawn  across  the  valley,  but  in  an  east  and  west 
No.  23. 
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line  at  its  mouth,  where  the  step-formed  terraces  de- 
bouch and  present  their  very  gently  inclined  surfoces 
towards  the  Pacific. 

■  'PriDcipUaorO«o1ofty'(lit»liL},ToL  iii.  p.  ISl. 


M«MM 


oH^p.  IX.     Gravel-Terraces  of  Coquimbo,  253 

The  bottom  plain  (A)  is  about  a  mile  in  width,  and 
rises  quite  insensibly  from  the  beach  to  a  height  of 
twenty-five  feet  at  the  foot  of  the  next  plain :  it  is  sandy, 
and  abundantly  strewed  with  shells. 

Plain  or  terrace  (B)  is  of  small  extent,  and  is  almost 
concealed  by  the  bouses  of  the  town,  as  is  likewise  the 
escarpment  of  terrace  (C).  On  both  sides  of  a  ravine, 
two  miles  south  of  the  town,  there  are  two  little  ter- 
races, one  above  the  other,  evidently  corresponding  with 
(B)  and  (C) ;  and  on  them  marine  remains  of  the  species 
already  enumerated  were  plentiful.  Terrace  (E)  is  very 
narrow,  but  quite  distinct  and  level ;  a  little  southward 
of  the  town  there  were  traces  of  a  terrace  (D)  inter- 
mediate between  (E)  and  (C).  Terrace  (F)  is  part  of 
the  fringe-like  plain,  which  stretches  for  the  eleven 
miles  along  the  coast ;  it  is  here  composed  of  shingle, 
and  is  100  feet  higher  than  where  composed  of  calca- 
reous matter.  This  greater  height  is  obviously  due  to 
the  quantity  of  shingle,  which  at  some  former  period 
has  been  brought  down  the  great  valley  of  Coqiiimbo. 

Considering  the  many  shells  strewed  over  the  ter- 
races (A)  (B)  and  (C),  and  a  few  miles  southward  on 
the  calcareous  plain,  which  is  continuously  united  with 
the  upper  step-like  plain  (F),  there  cannot,  I  apprehend, 
be  any  doubt,  that  these  six  terraces  have  been  formed 
by  the  action  of  the  sea ;  and  that  their  five  escarp- 
ments mark  so  many  periods  of  comparative  rest  in  the 
elevatory  movement,  during  which  the  sea  wore  into 
the  land.  The  elevation  between  these  periods  may 
have  been  sudden  and  on  an  average  not  more  than 
seventy-two  feet  each  time,  or  it  may  have  been  gradual 
and  insensibly  slow.  From  the  shells  on  the  three 
lower  terraces,  and  on  the  upper  one,  and  I  may  add  on 
the  three  gravel-capped  terraces  at  Conchalee,  being  all 
littoral  and  sub-littoral  species,  and  from  the  analogical 


facte  giveo  at  Valparaiso,  and  lastly  from  tbe  evidence 
of  a  flow  rising  latelv  or  still  in  progress  here,  it  appears 
to  me  far  more  probable,  that  tbe  moTement  has  b^n 
slow.  The  exL^teoce  of  these  successive  escarpments, 
or  old  cliff-lines,  is  in  another  respect  highlj  instructive, 
for  they  Rhow  periods  of  comparative  rest  in  the  elera- 
tflicy  movement,  and  of  denudation,  which  woidd  never 
even  have  been  suspected  from  a  close  examination  of 
many  miles  of  coa^  southward  of  Coquimbo. 

We  come  now  to  the  terraces  on  the  opposite  sides 
of  tbe  east  and  west  valley  of  Coquimbo :  the  following 
section  is  taken  in  a  north  and  south  line  across  the 
valley  at  a  point  about  three  miles  from  the  sea.  The 
'  valley  measured  from  the  edges  of  the  escarpraeutf  of 
tlie  upper  plain  (F)  (F)  is  abont  a  mile  in  width ;  but 
from  the  bases  of  the  bounding  mountains  it  is  from 
three  to  four  miles  wide.  The  terraces  marked  with 
an  interrogntive  do  not-  exist  on  that  side  of  tiie  vallryi 
but  are  introduced  merely  to  render  the  diagram  more 
intelligible. 
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B  is  veil  devdoped  mi  the  south  tide,  bat  absent  on  the  north  side  of  the  TaUey  : 
tbcM^  not  oonthmooflly  united  with  (E)  of  the  fonner  Mctlon,  it  apparenUy 
ooneqponds  with  it. 

V  Thia  Is  the  sarfaoe-pUdn,  and  is  continnoaaly  nnited  with  that  which  stretches 
]£ke  a  fringe  along  the  coast.  In  ascending  the  valley  it  gradnally  becomes 
narrower,  and  is  at  last,  at  the  distance  of  about  ten  mfles  fhnn  the  sea,  reduced 
to  a  row  of  flat^pped  patches  on  the  sides  of  the  mountains.  Kone  of  ttie  lower 
tenraoes  extend  so  far  up  the  valley. 

These  five  terraces  are  formed  of  shingle  and  sand  ; 
three  of  them,  as  marked  by  Capt.  Basil  Hall  (namely, 
B,  C,  and  F),  are  much  more  conspicuous  than  the  others. 
From  the  marine  remains  copiously  strewed  at  the 
mouth  of  the  valley  on  the  lower  terraces,  and  south- 
ward of  the  town  on  the  upper  one,  they  are,  as  before 
remarked,  undoubtedly  of  marine  origin ;  but  within 
the  valley,  and  this  fact  well  deserves  notice,  at  a  dis- 
tance of  from  only  a  mile  and  a  half  to  three  or  four 
miles  from  the  sea,  I  could  not  find  even  a  fragment  of 
a  shelL 

On  the  inclination  of  the  terraces  of  Coquimbo^ 
and  on  the  upper  and  basal  edges  of  their  escarpraents 
7U>t  being  horizontal. — The  surfaces  of  these  terraces 
slope  in  a  slight  degree,  as  shown  by  the  last  two  sections 
taken  conjointly,  both  towards  the  centre  of  the  valley, 
and  seawards  towards  its  mouth.  This  double  or 
diagonal  inclination,  which  is  not  the  same  in  the 
several  terraces,  is,  as  we  shall  immediately  secj  of 
simple  explanation.  There  are,  however,  some  other 
points  which  at  first  appear  by  no  means  obvious, — 
namely,  first,  that  each  terrace,  taken  in  its  whole 
breadth  from  the  summit-edge  of  one  escarpment  to 
the  base  of  that  above  it,  and  followed  up  the  valley,  is 
not  horizontal ;  nor  liave  the  several  terraces,  when 
followed  up  the  valley,  all  the  same  inclination ;  thus 
I  found  the  terraces  C,  E,  and  F,  measured  at  a  point 
about  two  miles  from  the  mouth  of  the  valley,  stood 
severally  between  fifty-six  to  seventy-seven  feet  higher 
than  at  the  mouth.     Again,  if  we  look  to  any  one  line 


of  clifiF  or  escarpment,  neither  its  summit-edge  nor  its 
base  is  horizontal.  On  the  theory  of  the  terraces  having 
been  formed  during  a  slow  and  equable  rise  of  the  land, 
with  as  many  intervals  of  rest  as  there  are  escarpments, 
it  appears  at  first  very  surprising  that  horizontal  lines 
of  some  kind  should  not  have  been  left  on  the  land. 

The  direction  of  the  diagonal  inclination  in  the 
different  terraces  being  different, — in  some  being  direc- 
ted more  towards  the  middle  of  the  valley,  in  others 
more  towards  its  mouth, — naturally  follows  on  the 
view  of  each  terrace,  being  an  accumulation  of  successive 
beach-lines  round  bays,  which  must  have  been  of  dif- 
'  ferent  forms  and  sizes  when  the  laud  stood  at  different 
I  Iflveb :  for  if  we  look  to  the  actual  beach  of  a  narrow 
creek,  it§  slope  is  directly  towards  the  middle ;  whereas, 
in  an  open  bay,  or  slight  concavity  qn  a  coast,  the  elope 
ia  towards  the  mouth,  that  is,  almoet  directly,  seaward  ; 
hence  as  a  bay  alters  in  form  and  size,  so  will  the  ditec- 
tion  of  the  inclination  of  its  snccesBive  beaches  become 
changed. 

If  it  were  possible  to  trace  any  one  of  the  many 
beach-lines,  composing  each  sloping  terrace,  it  would 
of  course  be  horizontal ;  but  the  only  linea  of  dematca^ 
tion  are  the  summit  and  basal  edges  of  the  escarpments. 
Now  the  smnmitredge  of  one  of  these  escarpments 
marks  the  furthest  line  or  point  to  which  the  sea  has 
cut  into  a  mass  of  gravel  sloping  seaward ;  and  as  the 
sea  will  generally  have  greater  power  at  the  mouth  than 
at  the  protected  head  of  a  bay,  so  will  the  escarpment 
at  the  mouth  be  cut  deeper  into  the  land,  and  its 
summit^edge  be  higher;  consequently  it  will  not  be 
horizontal.  With  respect  to  the  basal  or  lower  edges 
of  the  escarpments,  from  picturing  in  one's  mind  ancient 
bays  entirely  surrounded  at  successive  periods  by  cliff- 
formed  shores,  one's  first  impression  is  that  they  at  least 
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necessarily  must  be  horizontal,  if  the  elevation  has  been 
horizontal.  But  here  is  a  fallacy :  for  after  the  sea  has, 
during  a  cessation  of  the  elevation,  worn  cliffs  all  round 
the  shores  of  a  bay^  when  the  movement  recommences, 
and  especially  if  it  recommences  slowly,  it  might  well 
happen  that,  at  the  exposed  mouth  of  the  bay,  the 
waves  might  continue  for  some  time  wearing  into  the 
land,  whilst  in  the  protected  and  upper  parts  successive 
beach-lines  might  be  accumulating  in  a  sloping  surface 
or  terrace  at  the  foot  of  the  cliffs  which  had  be^n  lately 
reached  :  hence,  supposing  the  whole  line  of  escarpment 
to  be  finally  uplifted  above  the  reach  of  the  sea,  its 
basal  line  or  foot  near  the  mouth  will  run  at  a  lower 
level  than  in  the  upper  and  protected  parts  of  the  bay  ; 
consequently  this  basal  line  will  not  be  horizontal.  And 
it  ■  has  already  been  shown  that  the  summit-edges  of 
each  escarpment  will  generally  be  higher  near  the 
mouth  (from  the  seaward  sloping  land  being  there  most 
exposed  and  cut  into)  than  near  the  head  of  the  bay ; 
therefore  the  total  height  of  the  escarpments  will  be 
greatest  near  the  mouth  ;  and  further  up  the  old  bay 
or  valley  they  will  on  both  sides  generally  thin  out  and 
die  away:  I  have  observed  this  thinning  out  of  the 
successive  escarpment  at  other  places  besides  Coquimbo ; 
and  for  a  long  time  I  was  quite  unable  to  understand 
its  meaning.  The  following  rude  diagram  will  perhaps 
render  what  I  mean  more  intelligible ;  it  represents  a 
bay  in  a  district  which  has  begun  slowly  rising.  Before 
the  movement  commenced,  it  is  supposed  that  the 
waves  had  been  enabled  to  eat  into  the  land  and  form 
cliffs,  as  far  up,  but  with  gradually  diminishing  power, 
as  the  points  A  A  :  after  the  movement  had  commenced 
and  gone  on  for  a  little  time,  the  sea  is  supposed  still  to 
have  retained  the  power,  at  the  exposed  mouth  of  the 
bay,  of  cutting  down  and  into  the  land  as  it  slowly 
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emerged;  but  in   the   upper  parts   of  the   bay  it   is 

supposed  soon  to  have  lost  this  power,  owing  to  the  more 

No.  25. 


protected  situation  and  to  the  quantit;  of  detritus 
brought  down  by  the  river ;  consequently  low  land  was 
there  accumulated.  As  this  low  land  waa  formed  diiring 
a  slow  elevatory  morement,  its  surface  will  gently  slope 
upwards  from  the  beach  od  all  sides.  Xow,  let  us 
imagine  the  bay,  not  to  make  the  diagram  more  com- 
plicated, suddenly  converted  into  a  valley :  the  basal 
line  of  tbe  cliffs  will  of  course  be  horizontal,  as  for  as 
the  beach  is  now  seen  extending  in  tbe  diagram ;  but 
in  the  upper  part  of  the  valley,  this  line  will  be  higher, 
the  level  of  the  district  having  been  raised  whilst  the 
low  land  was  accumulating  at  the  foot  of  the  inland 
cliffs.  If,  instead  of  the  bay  in  the  diagram  being 
suddenly  converted  into  a  valley,  we  suppose  with  much 
more  probability  it  to  be  upraised  slowly,  then  the 
waves  in  the  upper  parts  of  tie  bay  will  continue  very 
gradually  to  fiiil  to  reach  the  cliffs,  which  are  now  in  i 
the   diagram  represented  ae  washed   by  the  sea,  and  .1 
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which,  consequently,  will  be  left  standing  higher  and 
higher  above  its  leve  ;  whilst  at  the  still  exposed  mouth, 
it  might  well  happen  that  the  waves  might  be  enabled 
to  cut  deeper  and  deeper,  both  down  and  into  the  cliflfs, 
as  the  land  slowly  rose. 

The  greater  or  lesser  destroying  power  of  the  waves 
at  the  mouths  of  successive  bays,  comparatively  with 
this  same  power  in  their  upper  and  protected  parts,  will 
vary  as  the  bays  become  changed  in  form  and  size,  and 
therefore  at  different  levels,  at  their  mouths  and  heads, 
more  or  less  of  the  surfaces  between  the  escarpments, 
(that  is,  the  accumulated  beach-lines  or  terraces)  wilt 
be  left  undestroyed :  from  what  has  gone  before  we  can 
see  that,  according  as  the  elevatory  movc^ments  after 
each  cessation  recommence  more  or  less  slowly,  according 
to  the  amoimt.of  detritus  delivered  by  the  river  at  the 
heads  of  the  successive  bays,  and  according  to  the  degree 
of  protection  afforded  by  their  altered  forms,  so  will  a 
greater  or  less  extent  of  terrace  be  accumulated  in  the 
upper  part,  to  which  there  will  be  no  surfkce  at  a  cor-* 
responding  level  at  the  mouth :  hence  we  can  perceive 
why  no  one  terrace,  taken  in  its  whole  breadth  and 
followed  up  the  valley,  is  horizontal,  though  each 
separate  beach-line  must  have  been  so ;  and  why  the 
inclination  of  the  several  terraces,  both  transversely, 
and  longitudinally  up  the  valley,  is  not  alike. 

I  have  entered  into  this  case  in  some  detail,  for  I 
was  long  perplexed  (and  others  have  felt  the  same 
difficulty)  in  understanding  how,  on  the  idea  of  an 
equable  elevation  with  the  sea  at  intervals  eating  into 
the  land,  it  came  that  neither  the  terraces  nor  the  upper 
nor  lower  edges  of  the  escarpments  were  horizontal. 
Along  lines  of  coast,  even  of  great  lengths,  such  as  that 
of  Patagonia,  if  they  are  nearly  uniformly  exposed,  the 
corroding   power   of  the  waves  will   be   checked  and 
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coaquered  by  the  elevatory  movement,  as  often  as  it 
recommenceB,  at  about  tiie  same  period  ;  and  hence  the 
terracee,  or  accumulated  beach-lines,  will  commence 
being  formed  at  nearly  the  same  levels :  at  each  sue- 
ceeding  period  of  re?t,  they  will,  also,  be  eaten  into  at 
neariy  the  same  rate,  and  consequently  there  will  be  a 
much  closer  coincidence  in  tbeir  levels  and  inclinations, 
than  in  the  terraces  and  escarpments  formed  roimd 
bays  with  their  different  parte  very  differently  exposed 
to  the  action  of  the  sea.  It  is  only  where  the  waves 
are  enabled,  after  a  long  lapse  of  time,  slowly  to  corrode 
hard  rocks,  or  to  throw  up,  owing  to  the  supply  of 
?ediraent  lieing  small  and  to  the  surface  being  steeply 
inclined,  a  narrow  beach  or  mound,  that  we  can  expect, 
aa  at  (Jlen  Boy  in  iScotland,'  a  distinct  Jine  marking  an 
old  Bea-level,  and  which  will  be  strictly  horizontal,  if 
the  Bubsequent  eleVatoiy  naovements  have  been  so  :  for 
io'these  cases  no  discernible  effects  will  be  produced, 
except  during  the  long  intervening  periods  of  rest ; 
whereas  in  the  case  of  step-formed  coasts,  such  as  those 
described  io  this  and  the  preceding  chapter,  the  terraces 
themselves  are  accumulated  during  the  slow  elevatory 
process,  the  accumulation  commencing  sooner  in  pro- 
tected than  in  exposed  situations,  and  sooner  where 
there  ^-cftpious  supply  of  detritus  than  where  there  is 
little ;  on  the  other  hand,  the  steps  or  escarpments  are 
formed  during  the  stationary  periods,  and  are  more 
deeply  cut  iJowq  and  into  the  coast-land,  in  exposed 
than  in  protected  situations ; — the  cutting  action,  more- 
over, beii^  prolonged  in  the  most  exposed  parts,  both 
during  the  beginning  and  ending,  if  slow,  of  the  upward  ' 
movement. 

Although  in  the  foregoing  discussion  I  have  assumed 
the  elevation  to  have  been  horizontal,  it  nay  be  sub- 
■  'Pbiloaopbkol  TrauBBcticini,'  1839,  p.  39. 
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pected,  from  the  considerable  seaward  slope  of  the 
terraces,  both  up  the  Valley  of  S.  Cruz  and  up  that  of 
Coquimbo,  that  the  rising  has  been  greater  inland  than 
nearer  the  coast.  There  is  reason  to  believe,*  from  the 
effects  produced  on  the  water-course  of  a  mill  during 
the  earthquake  of  1822  in  Chile,  that  the  upheaval  one 
mile  inland  was  nearly  double,  namely,  between  five 
and  seven  feet,  to  what  it  was  on  the  Pacific.  We  know, 
*lso,  from  the  admirable  researches  of  M.  Bravais,*  that 
in  Scandinavia  the  ancient  sea-Ueaches  gently  slope 
from  the  interior  mountain-ranges  towards  the  coast, 
and  that  they  are  not  parallel  one  to  the  other,  showing' 
that  the  proportional  difference  in  the  amount  of  eleva- 
tion on  the  coast  and  in  the  interior,  varied  at  different 
periods. 

CoqxdTnbo  to  Gudsco, — In  this  distance  of  ninety 
miles,  I  found  in  almost  every  part  marine  shells  up  to 
a  height  of  apparently  from  200  to  300  feet.  The 
desert  plain  near  Chores  is  thus  covered  ;  it  is  bounded 
by  the  escarpment  of  a  higher  plain,  consisting  of  pale- 
coloiu*ed,  earthy,  calcareous  stone,  like  that  of  Coquimbo, 
with  the  same  recent  shells  embedded  in  it.  In  the 
valley  of  Chafieral,  a  similar  bed  occurs  in  which,  dif- 
ferently from  that  of  Coquimbo,  I  observed  many  shells 
of  the  Concholepas :  near  Guasco  the  same  calcareous 
bed  is  likewise  met  with. 

In  the  valley  of  Guasco,  the  step-formed  terraces  of 
gravel  are  displayed  in  a  more  striking  manner  than  at 
any  other  point.  I  followed  the  valley  for  thirty-seven 
miles  (as  reckoned  by  the  inhabitants)  from  the  coast 
to  Ballenar  :  in  nearly  the  whole  of  this  distance,  five 


'  Mr.  Place,  in  the  'Quart^jrly  Journal  of  Science,'  1824,  vol.  xvii. 
p.  42. 

*  '  Voyages  de  la  Coram,  du  Nonl,'  &c. :  also,  *  Comptes  Rendus,' 
Oct.  1842. 
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gnnd  tenaoes,  nuuung  at  (XHieapondiiig  heigbts  on 
both  sides  of  the  faroad  valley,  -aie  more  oonspicuoos 
thaa  the  three  best  developed  ones  at  Goquimbo.  They 
give  to  the  landscape  the  most  gingiilar  and  formal 
aspect;  and  when  the  clouds  hung  low,  hiding  the 
neighbouring  mountains,  the  valley  resembled  in  the 
most  striking  manner  that  of  Santa  Cruz.  The  whde 
thickness  of  these  terraces  or  plains  seems  composed  of 
gravel,  rather  firmly  aggregated  together,  with  occasional 
parting  seams  of  day :  the  pebbles  on  the  upper  plain 
are  often  white-washed  witli  an  albuminous  substance, 
as  in  Patagonia.  Near  the  coast  I  observed  many  sea- 
shells  on  the  lower  plains.  At  Freyrina  (twelve  miles 
up  the  valley),  there  are  six  terraces  beside  the  bottom- 
surface  of  Uie  valley :  the  two  lower  ones  are  here  only 
from  200  to  300  yards  in  width,  but  higher  up  the 
valley  they  expand  into  plains:  the  third  terrace  is 
generally  narrow  :  the  fourth  I  saw  only  in  one  place, 
but  there  it  was  distinct  for  the  length  of  a  mile  :  the 
fifth  is  very  broad:  the  sixth  is  the  summit-plain, 
which  expands  inland  into  a  great  basin.  Not 
haWng  a  barometer  with  me,  I  did  not  ascertain  the 
height  of  these  plains,  but  they  appeared  consider- 
ably higher  than  those  at  Coquimbo.  Their  width 
varies  much,  sometimes  being  very  broad,  and  some- 
times contracting  into  mere  fringes  of  separate  flat- 
tapped  projections,  and  then  quite  disappearing:  at 
the  one  spot,  where  the  fourth  terrace  was  visible,  the 
whole  six  teiTaces  were  cut  otf  for  a  short  space  by  one 
sinj^le  bold  escarpment.  Near  Ballenar  (thirty-seven 
miles  from  the  mouth  of  the  river),  the  valley  between 
the  summit-edges  of  the  highest  escarpment  is  several 
miles  in  width,  and  the  five  terraces  on  both  sides  are 
broadly  developed :  the  highest  cannot  he  less  than 
600  feet  above  the  bed  of  the  river,  which  itself  must. 
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I  conceive,  be  some  hundred  feet  above  the  sea.  A 
north  and  south  section  across  the  valley  in  this  part  is 
here  represented. 

No.  26. 

North  and  South  SeoUon  acron  the  Valley  of  Onaaoo,  and  of  a  plain  north  of  it. 
Ml  South. 

<^  B  A  RiYer  of  Ouaaoo.  yy' 


Town  of  Ballenar. 

On  the  northern  side  of  the  valley  the  summit-plain 
of  gravel  (A)  has  two  escarpments,  one  facing  the  valley, 
and  the  other  a  great  basin-like  plain  (B),  which 
stretches  for  several  leagues  northward.  This  narrow 
plain  (A)  with  the  double  escarpment,  evidently  once 
formed  a  spit  or  promontory  of  gravel,  projecting  into 
and  dividing  two  great  bays,  and  subsequently  was  * 
worn  on  both  sides  into  steep  cliffs.  Whether  the 
several  escarpments  in  this  valley  were  formed  during 
the  same  stationary  periods  with  those  of  Coquimbo, 
I  will  not  pretend  to  conjecture ;  but  if  so,  the  inter- 
vening and  subsequent  elevatory  movements  must  have 
been  here  much  more  energetic,  for  these  plains  cer- 
tainly stand  at  a  much  higher  level  than  do  those  of 
Coquimbo. 

Copiapo. — From  Guasco  to  Copiapo,  I  followed  the 
road  near  the  foot  of  the  Cordillera,  and  therefore  saw 
no  upraised  remains.  At  the  mouth,  however,  of  the 
valley  of  Copiapo  there  is  a  plain,  estimated  by  Meyen  * 
between  fifty  and  seventy  feet  in  height,  of  which  the 
upper  part  consists  chiefly  of  gravel,  abounding  with 
recent  shells,  chiefly  of  the  Concholepas,  Venus  Dombeyi, 
and  Calyptrcca  trochiformis.  A  little  inland,  on  a 
plain  estimated  by  myself  at  nearly  300  feet,  the  upper 

>  *  Reise  um  dio  Erde.'    Th.  1.  a.  372,  et  seq. 
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stratum  was  formed  of  broken  shells  and  sand  ceniented 
by  white  calcareous  matter,  and  abounding  with  em- 
bedded recent  shells,  of  which  the  Mulinia  Byroneneis 
and  Pecten  purpuratus  were  the  most  numerous.  The 
lower  plain  stretches  for  some  miles  southward,  and  for 
an  unknown  distance  northward,  but  not  far  up  the 
valley ;  its  seaward  face,  according  to  Meyen,  is  worn 
into  caves  above  the  level  of  the  present  beach.  The 
valley  of  Copiapo  is  much  less  steeply  inclined  and  less 
direct  in  its  course  than  any  other  valley  which  I  saw 
in  Chile  ;  and  its  bottom  does  not  generally  consist  of 
gravel :  there  are  no  step-formed  terraces  in  it,  except  at 
one  spot  near  the  mouth  of  the  great  lateral  valley  of 
the  Despoblado  where  there  are  only  two,  one  above  the 
other :  lower  down  the  valley,  in  one  place  I  observed 
.  that  the  solid  rock  bad  been  cut  into  the  shape  of  a 
beach  and  was  smoothed  over  with  shingle. 

Northward  of  Copiapo,  in  lat.  26°  S.,  the  olH  voyager 
Wafer  ^  found  immense  numbers  of  sea-shells  some 
miles  from  the  coast.  At  Cobija  (lat.  22°  34'),  M. 
(I'Orbigny  observed  beds  of  gravel  and  broken  shells, 
containing  ten  species  of  recent  shells ;  he  also  found, 
on  projecting  points  of  porphyry,  at  a  height  of  300 
feet,  shells  of  Concholepas,  Chiton,  Calyptrsea,  Fissurella, 
and  Patella,  still  attached  to  the  spots  on  which  they 
had  lived.  M.  d'Orbigny  argues  from  this  fact,  that 
the  elevation  must  have  been  great  and  sudden  :  ^  to 

'  Burnett's  'Collection  of  Voyages,'  vol.  ir.  p.  193. 

^  '  Vojji^e.  Pnrt.  Geolo^.'  p.  94.  M.  d'Orl)ig:ny  (p.  98)  in  sum- 
ming up,  SiijH.  'S'il  est  certain  (as  he  believes)  que  tous  les  terrains  en 
pente,  corapris  entre  la  mcr  et  les  mont^ignes  sont  I'ancien  rivngre  de  la 
mer,  on  doit  snpposor,  pour  I'ensemble,  un  exhaussement  qui  no  serait 
pas  moindre  de  deux  cent  metres ;  il  faudrait  supfwser  encore  que  ce 
soulevoment  n'a  point  ^te  graduel;  ....  mais  qu'il  resulterait  d'une 
seule  et  memo  cau*je  fortuite,'  &c.  Now,  on  this  view,  when  the  sea 
was  forming  the  beach  nt  the  foot  of  the  mountains,  many  shells  of 
Concholepas,  Chiton,  Calyptra-a,  Fissurella,  and  Patella  (which  are 
known  to  live  close  to  the  beach),  were  attached  to  rocks  at  a  depth  of 
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me  it  appears  far  more  probable  that  the  movement 
was  gradual,  with  smiall  starts  as  during  the  earth- 
quakes of  1822  and  1835,  by  which  whole  beds  of  shells 
attached  to  the  rocks  were  lifted  above  the  subsequent 
reach  of  the  waves.  M.  d'Orbigny  also  found  rolled 
pebbles,  extending  up  the  mountain  to  a  height  of  at 
least  600  feet.  At  Iquique  (lat.  20**  12'  S.),  in  a  great 
accumulation  of  sand,  at  a  height  estimated  between  150 
and  200  feet,  I  observed  many  large  sea-shells  which  I 
thought  could  not  have  been  blown  up  by  the  wind  to 
that  height.  Mr.  J.  H.  Blake  has  lately  *  described 
these  shells :  he  states  that  ^  inland  toward  the  -moun- 
tains  they  form  a  compact  uniform  bed,  scarcely  a  trace 
of  the  original  shells  being  discernible ;  but  as  we 
approach  the  shore,  the  forms  become  gi-adnally  more 
distinct  till  we  meet  with  the  living  shells  on  the  coast.' 
This  interesting  observation,  showing  by  the  gradual 
decay  of  the  shells  how  slowly  and  gradually  the  coast 
must  have  been  uplifted,  we  shall  presently  see  fully 
confirmed  at  Lima.  At  Arica  (lat  18°  28'),  M. 
d'Orbigny*  found  a  great  range  of  sand-dimes,  four- 
teen leagues  in  length,  stretching  towards  Tacna,  in- 
cluding recent  shells  and  bones  of  Cetacea,  and  reach- 
ing up  to  a  height  of  300  feet  above  the  sea.  Lieut. 
Freyer  has  given  some  more  precise  facts :  he  states  ^ 
that  the  Monro  of  Arica  is  about  400  feet  high ;  it  is 
worn  into  obscure  terraces,  on  the  bare  rock  of  which 
he   found   Balini   and   Milleporae   adhering.      At   the 

300  feet,  and  at  a  depth  of  600  feet  several  of  these  same  shells  were 
accumulating  in  jpreat  numbers  in  horizontal  beds.  From  what  I  have 
myself  seen  in  dredging,  I  believe  this  to  be  improbable  in  the  highest 
degree,  if  not  impossible  ;  and  I  think  every  one  who  has  read  Prof.  E. 
Forbes's  excellent  researches  on  the  subject,  will  without  hesitation 
agree  in  this  conclusion. 

*  Silliman's  '  Amer.  Jour,  of  Science/  vol.  xliv.  p.  2. 
«  •  Voyage,*  &c.  p.  101. 

•  In  a  Letter  to  Mr.  Lyell,  '  Geolog.  Proc.'  vol.  ii.  p.  179. 
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height  of  between  twenty  and  thirty  feet  the  ahellB 
and  iSoralB  were  in  a  quite  firesh  state,  bat  at  fifty  fiwt 
they  were  much  abraded ;  there  were,  howwer,  txaces 
of  ozganic  remains  at  greater  heights.  On  the  road 
from  Taena  to  Aiequipa,  between  Loquimbo  and 
Mbquegua,  Mr.  M.  Hamilton  ^  found  nmnerous  recent 
sea-shells  in  sand,  at  a  considerable  distance  from  the 
sea. 

Northward  of  Arica,  I  knOw  nothing  of  (he  coast 
for  about  a  space  of  five  degrees  of  latitude ;  but  near 
Callao,*the  port  of  lima,  there  is  abundant  and 
very  curious  evidence  of  the  elevation  of  the  land. 
The  island  of  San  Lorenzo  is  upwards  of  1,000  feet 
high;  the  basset  edges  of  the  strata  composing  the 
lower  part  are  worn  into  three  obsciure,  nan-ow,  sloping 
steps  or  ledges,  which  can  be  seen  only  when  standing 
on  them:  they  probably  resemble  those  described  by 
Lieut.  Freyer  at  Arica.  The  surface  of  the  lower  ledge, 
which  extends  from  a  low  cliff  overhangipg  the  sea  to 
the  foot  of  the  next  upper  escarpment,  is  covered  by  an 
enormous  accumulation  of  recent  shells.*  The  bed  is 
level,  and  in  some  parts  more  than  two  feet  in  thick- 
ness ;  I  traced  it  over  a  space  of  one  mile  in  length, 
and  heard  of  it  in  other  places  :  the  uppermost  part  is 
eighty-five  feet  by  the  barometer  above  high-water 
mark.  The  shells  are  packed  together,  but  not  strati- 
fied ;  they  are  mingled  with  earth  and  stones,  and  are 
generally  covered  by  a  few  inches  of  detritus;  they 
rest  on  a  maes  of  nearly  angular  fragments  of  the 
imderlying  sandstone,  sometimes  cemented  together  by 

'  '  Edin.  New  Phil.  Jour,*  toI.  xxx.  p.  155. 

*  M.  Chevalier,  in  the  •  Voyage  of  the  Bonite,'  observed  these  shells  ; 
but  his  specimens  were  lost. — '  L'lnstitut,'  1838,  p.  151. 
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common  salt.  I  collected  eighteen  species  of  shells  of 
all  ages  and  sizes.  Several  of  the  miivalves  had  evi- 
dently long  lain  dead  at  the  bottom  of  the  sea^  for 
their  i/naidea  were  incrusted  with  Balani  and  Serpulse. 
All,  according  to  Mr.  G.  B.  Sowerby,  are  recent  species : 
they  consist  of — 


1.  Mytilos  MagellAnicns :  same  as 

that  found  at  Valparaiso,  and 
there  stated  to  be  probably 
distinct  fnim  the  true  M. 
Magdlanicus  of  the  east  coast. 

2.  Yenns  costellata,  Sowb. '  Zool. 

Proc.' 
S.'Pecten  purpnratns,  Lam. 
4.  Chama,    probably    echinnlata, 

Brod. 
6.  Calyptnea  Byronensis,  Gray. 
6.  radians     (Trochus, 

Lam.) 


7.  Fissurella  aiBnis,  Gray. 

8.  biradiata.  Trembly. 

9.  Purpura  chocolatta,  Duclos. 

1 0.  Peruriana,  Gray. 

11.  labiata.  Gray. 

12.  .  buxea  (Mur^x,  Brod.). 

1 3.  Concholepas  Peruviana. 

14.  Nassa,  related  to  reticulata. 

15.  Triton  rudis,  Brod. 

16.  Trochus,  not  yet  described,  but 
well  known  and  very  common. 

17  and  18.  Balanus,  two  species, 
both  common  on  the  coast. 


These  upraised  shells  appear  to  be  nearly  in  the 
same  proportional  numbers — with  the  exception  of 
the  Crepidulae  being  more  numerous — with  those  on 
the  existing  beach.  The  state  of  preservation  of  the 
different  species  oiffered  much ;  but  most  of  them  were 
much  corroded,  brittle,  and  bleaclied :  the  upper  and 
lower  surfaces  of  the  Concholepas  had  generally  quite 
scaled  off:  some  of  the  Trochi  and  Fissurellae  still 
partially  retain  their  colours.  It  is  remarkable  that 
these  shells,  taken  all  together,  have  fully  as  ancient  an 
appearance,  although  the  extremely  arid  climate  appears 
highly  favourable  for  their  preservation,  as  those  from 
1,300  feet  at  Valparaiso,  and  certainly  a  more  ancient  ap- 
pearance than  those  from  500  to  600  feet  from  Valparaiso 
and  Concepcion  :  at  which  places  I  have  seen  grass  and 
other  vegetables  actually  growing  out  of  the  shells. 
Many  of  the  univalves  here  at  San  Lorenzo  were  filled 
and  united  together  by  pure  salt,  probably  left  by  the 


eYaporation  of  the  ttea-spraj,  as  the  land  slowly  emerged.' 
On  th6  highest  parta  of  the  ledge,  small  fragments  of 
the  shells  were  mingled  with,  and  evidently  in  process 
of  reduction  into,  a  yellowish-white,  soft,  calcareous 
powder,  tasting  strongly  of  salt,  and  in  some  places  as 
fine  as  prepared  medicinal  chalk. 

Fossil  Remains  of  Human  Art. — In  the  midst  of 
these  shells  on  San  Lorenzo,  I  found  light  corallines, 
the  horny  ovule-cases  of  Mollusca,  roots  of  eea-weed," 
bones  of  birds,  the  heads  of  Indian  corn  and  other 
vegetable  matt«r,  a  piece  of  woven  rushes,  and  another 
of  nearly  decayed  cotton  string.  I  extracted  these  re- 
mains by  digging  a  hole,  on  a  level  spot;  and  they  had 
all  indisputably  been  embedded'  with  the  shells.  I 
compariKl  the  plaited  rush,  the  cotfoji  titring,  and  Indian 
com,  at  the  house  of  an  antiquary,  with  similar  objecte, 
taken  from  the  Huacas  or  burial-grounds  of  the  ancient 
Peruvians,  and  they  were  undistinguisbable ;  it  should 
be  observed  that  the  Peruviana  used  string  only  of 
cotton.  The  small  quantity  of  sand  or  gravel  with  the 
shells,  the  absence  of  large  stones,  the  width  and  thick- 
ness of  the  bed,  and  the  time  requisite  for  a  ledge  to 

'  Ths  Dadarljiag  anndBtons  contninB  trae  Ujan'  of  >alt ;  so  thmt 
the  ult  ma;  pDMiblv  have  come  fioin  the  beds  in  Uia  highet  puta 
of  Che  iilaiid ;  but  I  think  more  probably  tram  the  sas-apnij.  It  ia 
^Brallf  UBBrtfld  that  min  never  inlla  od  tbe  coaat  of  Fern;  bat  th<* 
la  not  quits  accnrate;  for,  on  several  dajs.  daring  our  Tiait,  thftso- 
culled  Peruvian  dew  fell  in  aufflcient  qunctitj  Co  make  the  atreeU 
muddj,  and  it  would  certainly  have  washed  eo  deliqneBcent  a  BUbstanco 
*a  aalt  into  tbe  soil.  I  stAte  tbia  bacauBe  M.  d'Orbign;.  in  discussing 
an  analogoua  subject,  euppoaes  that  I  had  forgotten  that  it  Qevi-r  rains 
on  this  whole  line  of  (oast.  See  UIIoh'h  ■  Voyage  '  (vol.  ii. 'Eng.  Trans.' 
p.  67)  for  an  account  of  tbe  muddy  streets  of  Lima,  and  oa  the  cou- 
linnance  of  the  mists  during  the  whole  winter.  Kaia,  aim.  falls  at  rars 
intervala  even  in  the  driest  diatriiU.  as.  for  ineCnuce,  dnring  forty  dayx, 
in  1726.  at  Chocope  (7°  480 ;  fiia  rein  entirely  ruined  (' UUoa,'  Sk. 
p.  18)  The  mud-housM  of  tbe  inhabitants. 

'  Mr.  Smith  of  Jordanhill  foqnd  piecea  of  sea-weod  in  an  upmised 

Eleiatocene  deposit  in  Scotland.  See  hia  admirable  Paper  in  tbe  '  EJin. 
law  Phil.  JouroBl,'  vol.  iiv.  p.  38i. 
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be  cut  into  the  sandstone^  all  show  that  these  remains 
were  not  thrown  high  up  by  an  earthquake-wave :  on 
the  other  hand,  these  facts,  together  with  the  number 
of  dead  shells,  and  of  floating  objects,  both  marine  and 
terrestrial,  both  natural  and  human,  render  it  almost 
certain  that  they  were  accumulated  on  a  true  beach, 
since  upraised  eighty-five  feet,  and  upraised  this  much 
since  Indian  man  inhabited  Peru,  The  elevation 
may  have  been,  either  by  several  small  sudden  starts, 
or  quite  gradual ;  in  this  latter  case  the  unrolled  shells 
having  been  thrown  up  during  gales  beyond  the  reach 
of  the  waves  which  afterwards  broke  on  the  slowly 
emerging  land.  I  have  made  these  remarks,  chiefly 
because  I  was  at  first  surprised  at  the  complete  differ- 
ence in  nature,  between  this  broad,  smooth,  upraised 
bed  of  shells,  and  the  present  shingle-beach  at  the  foot 
of  the  low  sandstone-cliffs  ;  but  a  beach  formed,  when 
the  sea  is  cutting  into  the  land,  as  is  shown  now  to  be 
the  case  by  the  low  bare  sandstone-cliffs,  ought  not  to 
be  compared  with  a  beach  accumulated  on  a  gently  in- 
clined rocky  surface,  at  a  period  when  the  sea  (probable 
owing  to  the  elevatory  movement  in  process)  was  not 
able  to  eat  into  the  land.  With  respect  to  the  mass  of 
nearly  angular,  salt-cemented  fragments  of  sandstone, 
which  lie  under  the  shells,  and  which  are  so  unlike  the 
materials  of  an  ordinary  sea-beach ;  I  think  it  probable 
after  having  seen  the  remarkable  effects  ^  of  the  earth- 
quake of  1835,  in  absolutely  shattering  as  if  by  gun- 
powder the  surface  of  the  primary  rocks  near  Concepcion, 
that  a  smooth  bare  surface  of  stone  was  left  by  the  sea 
covered  by  the  shelly  mass,  and  that  afterwards  when 
upraised,  it  was  superficially  shattered  by  the  severe 
shocks  so  often  experienced  here. 

'  I  have  described  these  effects  in  my  '  Journal  of  Kesearches/  p. 
303,  2nd  edit^  1845. 


The  very  low  land  GUiroundiiig  the  town  of  Callao, 
is  to  the  south  joined  by  au  obBCwre  escarpment  to  a 
higher  plain  (south  of  Bella  Vista),  whicli  stretcher 
along  the  coast  for  a  length  of  aliout  eight  milee.  This 
plain  appears  to  the  eye  quite  level ;  but  the  sea-cliffa 
show  that  its  height  varies  (as  far  as  I  could  estimate) 
from  70  to  1 20  fe«t.  It  ia  composed  of  thin,  sometimes 
waving,  beds  of  clay,  often  of  bright  red  and  yellow 
colours,  of  layerg  of  impure  sand,  and  in  one  part  with 
a  great  stratified  mass  of  granitic  pebbles.  These  beds 
are  capped  by  a  remarkable  mass,  varying  from  two  to 
six  feet  in  thickness,  of  reddish  loam  or  mud,  containing 
many  scattered  and  broken  fragments  of  recent  marine 
shells,  sometimes  though  rarely  single  large  round 
pebble,  more  frequently  short  irregular  layers  of  fine 
gravel,  and  very  many  pieces  of  red  coarse  earthenware, 
which  from  their  curvatures  must  once  have  formed 
parts  of  large  vessels.  The  earthenware  is  of  Indian 
manufaoture;  and  I  found  exactly  similar  pieces  acci- 
dentally inchided  within  the  bricks,  of  which  the  neigh- 
bouring ancient  Peruvian  burial-mounds  are  built. 
These  fragments  abounded  in  such  numbers  in  certain 
spots,  that  it  appeared  as  if  waggon-loads  of  earthen- 
ware had  been  smashed  to  pieces.  The  broken  ses- 
shells  and  pottery  are  strewed  both  on  the  surface,  and 
throughout  the  whole  thickness  of  this  upper  loamy 
mass.  I  found  them  wherever  I  examined  the  cliffs, 
for  a  spiu'e  of  between  two  and  three  mile;:,  and  for 
half  a  mile  inland ;  and  there  can  be  little  doubt  that 
this  same  bed  extends  with  a  smooth  surface  several 
miles  further  over  the  entire  plain.  Besides  the  little 
included  irregular  layers  of  small  pebbles,  there  are 
occasionally  very  obscure  traces  of  stratification. 

At  one  of  the  highest  parts  of  the  cliflf,  estimated 
1 20  feet  above  the  sea,  where  a  little  ravine  came  down, 
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there  were  two  sections,  at  right  angles  to  each  other, 
of  the  floor  of  a  shed  or  building.  In  both  sections  or 
feces,  two  rows,  one  over  the  other,  of  large  round  stones 
could  be  distinctly  seen ;  they  were  packed  close  to- 
gether on  an  artificial  layer  of  sand  two  inches  thick, 
which  had  been  placed  on  the  natural  clay-beds ;  the 
round  stones  were  covered  by  three  feet  in  thickness  of 
the  loam  with  broken  sea-shells  and  pottery.  Hence, 
before  this  widely  spread-out  bed  of  loam  was  deposited, 
it  is  certain  that  the  plain  was  inhabited;  and  it  is 
probable,  from  the  broken  vessels  being  so  much  more 
abundant  in  Certain  spots  than  in  others,  and  from  the 
underlying  clay  being  fitted  for  their  manufacture,  that 
the  kilns  stood  here. 

The  smoothness  and  wide  extent  of  the  plain,  the 
bulk  of  matter  deposited,  and  the  obscure  traces  of 
stratification  seem  to  indicate  that  the'  loam  was  de- 
posited under  water ;  on  the  other  hand,  the  presence 
of  sea-shells,  their  broken  state,  the  pebbles  of  various 
sizes,  and  the  artificial  fioor  of  round  stones,  almost 
prove  that  it  must  have  originated  in  a  rush  of  water 
from  the  sea  over  the  land.  The  height  of  the  plain, 
namely,  1 20  feet,  renders  it  improbable  that  an  earth- 
quake-wave, vast  as  some  have  here  *  been,  could  have 
broken  over  the  surface  at  its  present  level ;  but  when 
the  land  stood  eighty-five  feet  lower,  at  the  period  when 
the  shells  were  thrown  up  on  the  ledge  at  S.  Lorenzo, 
and  when  as  we  know  man  inhabited  this  district,  such 
an  event  might  well  have  occurred  ;  and  if  we  may  fur- 
ther suppose,  that  the  plain  was  at  that  time  converted 
into  a  temporary  lake,  as  actually  occurred,  during  the 
earthquakes  of  1713  and  1746,  in  the  case  of  the  low 
land  round  Callao  owing  to  its  being  encircled  by  a 
high  shingle-beach,  all  the  appearances  above  described 
will  be  perfectly  explained.     I  must  add,  that  at  a 
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lower  level  near  the  point  where  the  present  low  land 
round  Callao  joins  the  higher  plain,  there  are  appear- 
ances of  two  distinct  deposits  both  apparently  formed 
by  debacles :  in  the  upper  one,  a  horse's  tooth  and  a 
dog's  jaw  were  embedded ;  so  that  both  must  have  been 
formed  afber  the  settlement  of  the  Spaniards :  accord* 
ing  to  Acosta,  the  earthquake- wave  of  1586  rose  eighty- 
four  feet. 

The  inhabitants  of  Callao  do  not  believe,  as  &r  as  I 
could  ascertain,  that  any  change  in  level  is  now  in  pro- 
gress. The  great  fragments  of  brickwork,  which  it  is 
asserted  can  be  seen  at  the  bottom  of  the  sea,  and  which 
have  been  adduced  as  a  proof  of  a  late  subsidence,  are, 
as  I  am  informed  by  Mr.  Gill,  a  resident  engineer, 
loose  fragments ;  this  is  probable,  for  I  found  on  the 
beach,  and  not  near  the  remains  of  any  building,  masses 
of  brickwork,  three  and  four  feet  square,  which  had 
been  washed  into  their  present  places,  and  smoothed 
over  with  shingle  during  the  earthquake  of  1746.  The 
«pit  of  land,  on  which  the  ruins  of  Old  CaUao  stand,  is 
so  extremely  low  and  narrow,  that  it  is  improbable  in 
the  highest  degree  that  a  town  should  have  been  founded 
on  it  in  its  present  state;  and  I  have  lately  heard  '  that 
]VL  Tschudi  has  come  to  the  conclusion,  from  a  com- 
parison of  old  with  modem  charts,  that  the  coast  both 
south  and  north  of  Callao  has  subsided.  I  have  shown 
that  the  island  of  San  Lorenzo  has  been  upraised  eighty- 
five  feet  since  the  Peruvians  inhabited  this  country  ; 
and  whatever  may  have  been  the  amount  of  recent  sub- 
sidence, by  so  much  more  must  the  elevation  have  ex- 
ceeded the  eighty-five  feet.     In  several  places  ^  in  this 

'  I  am  indebted  for  this  fact  to  Dr.  E.  Dioffenbach.  I  may  add  that 
there  is  a  tradition,  that  the  islands  of  Sau  Lorenzo  and  Fronton  were 
once  joined,  and  that  the  channel  between  S.  Lorenzo  and  the  mainland, 
now  above  two  miles  in  width,  was  so  narrow  that  cattle  used  to  swim 
over. 

*  '  Observaciones  sobre  el  Clima  del  Lima,'  par  Dr.  H.   Unanue, 
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Beighbourhood,  marks  of  sea-action  have  been  observed : 
Ulloa  gives  a  detailed  account  of  such  appearances  at  a 
point  five  leagues  northward  of  Callao :  Mr.  Cnukshank 
found  near  Lima  successive  lines  of  sea-cliflFs,  with 
rounded  blocks  at  their  bases,  at  a  height  of  700  feet 
above  the  present  level  of  the  sea. 

On  the  Decay  of  upraised  Sea-SfieUs, — I  have 
stated  that  many  of  the  shells  on  the  lower  incUned 
ledge  or  terrace  of  San  Lorenzo  are  corroded  in  a  pecu- 
liar manner,  and  that  they  have  a  much  more  ancient 
appearance  than  the  same  species  at  considerably  greater 
heights  on  the  coast  of  Chile.  I  have,  also,  stated  that 
these  shells  in  the  upper  part  of  the  ledge,  at  the  height 
of  eighty-five  feet  above  the  sea,  are  falling,  and  in 
some  pai*ts  are  quite  changed  into  a  fine,  soft,  saline,  cal- 
careous powder.  The  finest  part  of  this  powder  has  been 
analysed  for  me,  at  the  request  of  Sir  H.  De  la  Beche, 
by  the  kindness  of  Mr.  Trenham  Reeks  of  the  Museum 
of  Economic  Geology  ;  it  consists  of  carbonate  of  lime 
in  abundance,  of  sulphate  and  miuriate  of  lime,  and  of 
muriate  and  sulphate  of  soda.  The  carbonate  of  lime 
is  obviously  derived  from  the  shells  ;  and  common  salt 
is  so  abundant  in  parts  of  the  })ed,  that,  as  before 
remarked,  the  univalves  are  often  filled  with  it.  The 
sulphate  of  lime  may  have  been  derived,  as  has  probably 
the  common  salt,  from  the  evaporation  of  the  sea-spray, 
during  the  emergence  of  the  land  ;  for  sulphate  of  lime 
is  now  copiously  deposited  from  the  spray  on  the  shores 
of  Ascension.^  The  other  saline  bodies  may  perhaps 
have  been  partially  thus  derived,  but  chiefly,  as  I  con- 
clude from  the  following  facts,  through  a  different 
means. 

p.  4. — Ulloa's  '  Voj-age,'  vol.  ii.  '  Eng.  Trans.*  p.  97. — For  Mr.  Cruik- 
shank's  observations,  see  Mr.  Lyell's  •Principles  of  Geology*  (Ist  edit.), 
vol.  iii.  p.  130. 

*  See  my  discussion  on  a  calcareous  incrustation  in  Chapter  III. 
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Od  most  parts  of  the  eecond  ledge  or  old  sea-beach, 
at  a  height  of  1 70  feet,  there  is  a  layer  of  white  powder 
of  variable  thickness,  as  much  in  aome  parU  as  two 
inchefi,  lying  on  the  angular,  salt-cemented  fragments 
of  sandstone  and  under  about  four  inches  of  earth,  which 
powder,  from  ita  close  resemblance  in  nature  to  the 
upper  aod  moat  decayed  parts  of  the  shelly  mass,  I  can 
hardly  doubt  originally  existed  as  a  bed  of  shells,  now 
much  collapsed  and  quite  disintegrated.  I  could  not 
discover  with  the  microscope  a  trace  of  organic  structure 
in  it ;  but  ita  chemical  constituents,  according  to  Mr. 
Reeks,  are  the  same  as  in  the  powder  extracted  from 
amongst  the  decaying  shells  on  the  lower  ledge,  with 
the  marked  exception  that  the  carbonate  of  lime  Is 
present  in  only  veiy  small  quantity.  On  the  third  and 
highest  ledge,  I  observed  some  of  thie  powder  in  a 
Bimilar  position,  and  likewise  occasionally  ,in  small 
patches  at  consideiably  greater  heights  neai  the  aununit 
of  tbe  islaod.  At  Iquiqoe,  where  the  whole  &ce  of  the 
country  is  covered  by  a  highly  ssliferous  allavium,  and 
where  tite  climate  is  extremely  dry,  we  have  seen  that, 
according  to  Mr.  Blake,  the  shells  which  are  perfect 
near  the  beach  become,  in  ascending,  gradually  less 
and  less  perfect,  until  Rcarcely  a  trace  of  their  original 
atmctnie  can  be  discovered.  It  is  known  that  car- 
bonate of  lime  and  common  salt  left  in  a  mass  together,' 
and  slightly  moistened,  partially  decompose  each  other: 
now  we  have  at  San  Lorenzo  and  at  Iquique,  in  the 
shells  and  salt  packed  together,  and  occasionally  moifr- 

■  I  sm  infonned  bj  Dr.  Kane,  Uirongh  Xi.  B«eka,  that  a  mannfac- 
Utry  «aa  Mtsbliahed  on  thU  principle  in  Fniue,  but  failed  from  the 
■null  qnaatitj  of  carbonate  of  aods  prodneed.  Sprengel  (' GMrdenen' 
ChroD.'  1846.  p.  1S7)  BlAtes,  that  salt  and  carbonate  of  lime  are  liabla 
to  mntoal  decomposition  in  the  eoil.  Sir  H.  De  la  BeeEis  infonna  me, 
that  calcareous  rocka,  vaahed  by  the  Bpiaf  of  the  esa,  are  often  cor- 
roded in  a  peculiar  manner;  aee  alio  on  this  latter  anbject  'Oaidenar^ 
Chron.'  p.  675,  1814. 
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tened  by  the  so-called  Peruvian  dew,  the  proper  elements 
for  this  action.  We  can  thus  understand  the  peculiar 
corroded  appearance  of  the  shells  on  San  I^renzo,  and 
the  great  decrease  of  quantity  in  the  carbonate  of  lime 
in  the  powder  on  the  upper  ledge.  There  is,  however, 
a  great  difficulty  on  this  view,  for  the  resultant  salts 
should  be  carbonate  of  soda  and  muriate  of  lime ;  the 
latter  is  present,  but  not  the  carbonate  of  soda.  Hence 
I  am  led  to  the  perhaps  unauthorised  conjecture  (which 
I  shall  hereafter  have  to  refer  to)  that  the  carbonate  of 
soda,  by  some  unexplained  means,  becomes  converted 
into  a  sulphate. 

If  the  above  remarks  be  just,  we  are  led  to  the  very 
unexpected  conclusion,  that  a  dry  climate,  by  leaving 
the  salt  from  the  sea-spray  undissolved,  is  much  less 
fiskvourable  to  the  preservation  of  upraised  shells  than 
a  hmnid  climate.  However  this  may  be,  it  is  interest- 
ing to  know  the  manner  in  which  masses  of  shells, 
gradually  upraised  above  the  sea-level,  decay  and  finally 
disappear. 

Swmmary  on  the  recent  Elevation  of  the  West 
Coast  of  South  America. — We  have  seen  that  upraised 
marine  remains  occur  at  intervals,  and  in  some  parts 
almost  continuously,  from  lat.  45**  35'  to  12**  S.,  along 
the  shores  of  the  Pacific.  This  is  a  distance,  in  a  north 
and  south  line,  of  2,075  geographical  miles.  From 
Byron's  observations,  the  elevation  has  no  doubt  extended 
sixty  miles  farther  south ;  and  from  the  similarity  in 
the  form  of  the  country  near  Lima,  it  has  probably 
extended  many  leagues  farther  north.^  Along  this 
great  line  of  coast,  besides  the  organic  remains,  there 
are  in  very  many  parts,  marks  of  erosion,  caves,  ancient 

# 

*  I  may  take  ibis  opportunity  of  stating  that  in  a  MS.  in  the 
Geological  8oc.  by  Mr.  WeaVer,  it  is  stated  that  beds  of  oysters  and 
other  recent  shells  are  found  thirty  feet  above  the  level  of  Uie  sea,  in 
many  parts  oi  Tampico,  in  the  Gulf  of  Mexico. 
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beaches,  aand-dunes,  and  aucceauive  terraces  of  gravel, 
all  above  the  present  level  of  tbe  sea.  From  the  steep- 
ness of  the  land  on  this  aide  of  the  continent,  sheila 
have  rarely  been  found  at  greater  distances  inland  than 
from  two  to  three  leagues  ;  but  the  marks  of  sea-action 
are  evident  farther  from  the  coast ;  for  instance,  in  t.he 
valley  of  Guasco,  at  a  distance  of  between  thirty  and 
forty  railee.  Judging  from  the  upraised  shells  alone, 
the  elevation  in  Chiloe  has  been  3.50  feet,  at  Concepcion 
certainly  625  feet,  and  by  eetimation  1,000  feet;  at 
Valparaiso  1,800  feet ;  at  Coquimbo  252  feet;  north- 
ward of  this  place,  sea-shells  have  not,  I  believe,  heea 
found  above  300  feet ;  and  at  Lima  they  were  falling 
into  decay  (hastened  probably  by  the  salt)at  eighty-five 
feet.  Not  only  has  this  amount  of  elevation  taken 
place  within  "the  period  of  existing  MoUusca  and  Cir- 
ripedee ;  bat  their  proportional  numbers  in  tbe  neigb- 
bouring  Bea  have  in  moat  caaea  remained  the  same. 
Near  Lima,  however,  a  small  change  in  this  respect 
between  the  living  and  the  upraised  was  observed:  at 
Coquimbo  this  was  more  evident,  all  the  shells  being 
existing  species,  but  with  those  embedded  in  tbe  upper- 
most calcareous  plain  not  approximating  so  closely  in 
proportional  numbers,  as  do  those  that  lie  loose  on  its 
Bur&ce  at  the  height  of  252  feet,  and  still  less  closely 
than  those  which  are  strewed  on  the  lower  plains,  which 
latter  are  identical  in  proportional  numbers  with  those 
now  cast  up  on  the  beach.  From  this  circumstance, 
and  from  not  finding,  upon  careful  examination,  near 
Coquimbo  any  shells  at  a  greater  height  than  252  feet, 
I  brieve  that  the  recent  elevation  there  has  been  much 
less  than  at  A'alparaiso,  where  it  has  been  1,300  feet, 
and  I  may  add,  than  at  Concepcion.  This  considerable 
inequality  in  the  amount  of  elevation  at  Coquimbo  and 
Valparaiso,  places  only  200  miles   apart,  is  not  im- 
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probable,  considering,  first,  the  difference  in  the  force 
and  number  of  the  shocks  now  yearly  aflFecting  diflFerent 
parts  of  this  coast ;  and,  secondly,  the  fact  of  single 
areas,  such  as  that  of  the  province  of  Concepcion,  having 
been  uplifted  very  unequally  during  the  same  earth- 
quake. It  would,  in  most  cases,  be  very  hazardous  to 
infer  an  inequality  of  elevation,  from  shells  being  found 
on  the  surface  or  in  superficial  beds  at  different  heights ; 
for  we  do  not  know  on  what  their  rate  of  decay  depends ; 
and  at  Coquimbo  one  instance  out  of  many  has  been 
given,  of  a  promontory,  which,  from  the  occurrence  of 
one  very  small  collection  of  lime-cemented  sheila,  has 
indisputably  been  elevated  242  feet,  and  yet  on  which, 
not  even  a  fragment  of  shell  could  be  found  on  careful 
examination  between  this  height  and  the  beach,  although 
many  sites  appeared  very  favourable  for  the  preservation 
of  organic  remains :  the  absence,  also,  of  shells  on  the 
gravel-terraces  a  short  distance  up  the  valley  of  Co- 
quimbo, though  abundant  on  the  corresponding  terraces 
at  its  mouth,  should  be  borne  in  mind. 

There  are  other  epochs,  besides  that  of  the  existence 
of  recent  Mollusca,  by  which  to  judge  of  the  changes 
of  level  on  this  coast.  At  Lima,  as  we  have  just  seen, 
the  elevation  has  been  at  least  eighty-five  feet,  within 
the  Indo-human  period ;  and  since  the  arrival  of  the 
Spaniards  in  1 530,  there  has  apparently  been  a  sinking 
of  the  surface.  At  Valparaiso,  in  the  course  of  220 
years,  the  rise  must  have  been  less  than  nineteen  feet ; 
but  it  has  been  as  much  as  from  ten  to  eleven  feet  in 
the  seventeen  years  subsequently  to  1817,  and  of  this 
rise  only  a  part  can  be  attributed  to  the  earthquake 
of  1822,  the  remainder  having  been  insensible  and 
apparently  still,  in  1834,  in  progress.  At  Chiloe  the 
elevation  has  been  gradual,  and  about  four  feet  during 
four  years.     At  Coquimbo,  also,  it  has  been  gradual, 
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and  in  the  cotme  of  150  jeftn  has  amounted  to  sevenl 
feet.  The  sadden  small  upheavals,  accompanied  bjr 
earthquakes,'  as  in  1822*at  Valpandso,  in  1885  at  Onn 
eepcion,  and  in  1887  in  the  Chonoe  Archipelago,  aie 
familiar  to  most  geologists,  but  the  graduid  rising  of 
the  coast  of  Chile  has  bem  hardly  noticed ;  it  is,  how- 
ever, very  important,  as  connecting  together  these  two 
orders  of  events. 

The  rise  of  Lima,  having  been  eighty-five  feet  within 
the  period  of  man,  is  the  more  surprising  if  we  refer  to 
the  eastern  coast  of  the  continent,  for  at  Port  S.  Julian, 
in  Patagonia,  there  is  good  evidence  (as  we  shall  here- 
after see)  that  wheii  the  land  stood  ninety  feet  lower,- 
the  Macraucbenia,  a  mammiferous  beast,  was  alive; 
and  at  Bahia  Blanca,  when  it  stood  only  a  few  feet 
lower  than  it  now  does,  many  gigantic  quadrupeds 
ranged  over  the  adjoinlDg  country.  But  the  coast  of 
Patagonia  is  some  way  distant  from  the  Cordillera,  and 
the  movement  at  Bahia  Blanca  is  perhaps  no  ways 
connected  with  this  great  range,  but  rather  with  the 
tertiary  volcanic  rocks  of  Banda  Oriental,  and  therefore 
the  elevation  at  these  places  may  have  been  infinitely 
slower  than  on  the  coast  of  Peru.  All  such  speculations, 
however,  must  be  vague,  for  as  we  know  with  certainty 
that  the  elevation  of  the  whole  coast  of  Patagonia  has 
been  interrupted  by  many  and  long  pauses,  who  will 
pretend  to  say  that,  in  such  cases,  many  and  long  periods 
of  subsidence  may  not  also  have  been  intercalated  ? 

In  many  parts  of  the  coast  of  Chile  and  Peru  there 
are  marks  of  the  action  of  the  sea  at  successive  heights 
on  the  land,  showing  that  the  elevation  has  been  inter- 
rupted by  periods  of  comparative  rest  in  the  upward 
movement,  and  of  denudation  in  the  action  of  the  sea. 
These  are  plainest  at  Chiloe,  where,  in  a  height  of  about 
500  feet,  there  are  three  escarpments, — at  Coquimbo, 
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where,  in  a  height  of  364  feet,  there  are  five, — at  Guasco, 
where  there  are  six,  of  which  five  may  perhaps  cor- 
respond with  those  at  Coquimbo,  but  if  so,  the  subse- 
quent and  intervening  elevatory  movements  have  been 
here  much  more  energetic, — at  Lima,  where,  in  a  height 
of  about  250  feet,  there  are  three  terraces,  and  others, 
as  it  is  asserted,  at  considerably  greater  heights.  The 
almost  entire  absence  of  ancient  marks  of  sea-action  at 
defined  levels  along  considerable  spaces  of  coast,  as  near 
Valparaiso  and  Concepcion,  is  highly  instructive,  for  as 
it  is  improbable  that  the  elevation  at  these  places  alone 
should  have  been  continuous,  we  must  attribute  the 
absence  of  such  marks  to  the  nature  and  form  of  the 
coast-rocks.  Seeing  over  how  many  hundred  miles  of 
the  coast  of  Patagonia,  and  on  how  many  places  on  the 
shores  of  the  Pacific,  the  elevatory  process  has  been 
interrupted  by  periods  of  comparative  rest,  we  may 
conclude,  conjointly  with  the  evidence  drawn  from 
other  quarters  of  the  world,  that  the  elevation  of  the 
land  is  generally  an  intermittent  action.  From  the 
quantity  of  matter  removed  in  the  formation  of  the 
escarpments,  especially  of  those  of  Patagonia,  it  appears 
that  the  periods  of  rest  in  the  movement,  and  of  denu- 
dation of  the  land,  have  generally  been  very  long.  In 
Patagonia,  we  have  seen  that  the  elevation  has  been 
equable,  and  the  periods  of  denudation  synchronous 
over  very  wide  spaces  of  coast ;  on  the  shores  of  the 
Pacific,  owing  to  the  terraces  chiefly  occurring  in  the 
valleys,  we  have  not  equal  means  of  judging  on  this 
point ;  and  the  very  different  heights  of  the  upraised 
shells  at  Coquimbo,  Valparaiso,  and  Concepcion  seem 
directly  opposed  to  such  a  conclusion. 

Whether  on  this  side  of  the  continent  the  elevation, 
between  the  periods  of  comparative  rest  when  the 
escarpments  were  formed,  has  been  by  small  sudden 
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rtartfly  mch  as  those  aooompanyiDg  leoeat  eartliqiukBi, 
or,  as  is  most  pEobaUe,  by  such  rtartB  ooDJointfy  niili  m 
gradual  upwaid  movemeiit,  or  by  great  aAd  auddeii 
upbeavak,  I  bave  no  direet  evidenoe.  Bat  as  .on  the 
eastern  coast,  I  was  led  to  think,  firmn  the  analogyof 
the  last  hundred  fioet  of  elevation  in  La  Plata,  and  firmn 
the  nearly  equal  siie  of  the  pebUee  over  the  entire 
width  of  the  terraces,  and  from  the  upraised  shells 
being  all  littoral  species,  that  the  elevation  had  been 
gradual ;  so  do  I  on  this  western  coast,  from  the  analogy 
of  the  movements  now  in  progress,  and  from  the  vast 
numbers  of  sheUs  now  living  exclusively  on  or  close  to 
the  beach,  which  are  strewed  over  the  whole  sur£use  of 
the  land  up  to  very  considerable  heights,  conclude,  that 
the  movement  here  also  has  been  slow  and  gradual, 
aided  probably  by  small  occasional  starts.  We  know 
at  least  that  at  Coquimbo,  where  five  escarpments  occur 
in  a  height  of  364  feet,  that  the  successive  elevations, 
if  they  have  been  sudden,  cannot  have  been  very  great. 
It  has,  I  think,  been  shown  that  the  occasional  preserva- 
tion of  shells,  unrolled  and  unbroken,  is  not  improbable 
even  during  a  quite  gradual  rising  of  the  land ;  and 
their  preservation,  if  the  movement  has  been  aided  by 
small  starts,  is  quite  conformable  with  what  actually 
takes  place  during  recent  earthquakes. 

Judging  from  the  present  action  of  the  sea,  along 
the  shores  of  the  Pacific,  on  the  deposits  of  its  own 
accumulation,  the  present  time  seems  in  most  places  to 
be  one  of  comparative  rest  in  the  elevatory  movement, 
and  of  denudation  of  tlie  land.  Undoubtedlv  this  is 
the  case  along  the  whole  great  length  of  Patagonia. 
At  Chiloe,  however,  we  have  seen  that  a  narrow  sloping 
fringe,  covered  with  vegetation,  separates  the  present 
sea-beach  from  a  line  of  low  cliffs,  which  tlie  waves 
lately   reached;   here,   then,   the   land   is   gaining  in 
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breadth  and  height,  and  the  present  period  is  not  one 
of  rest  in  the  elevation  and  of  contingent  denudation ; 
but  if  the  rising  be  not  prolonged  at  a  quick  rate,  there 
is  every,  probability  that  the  sea  will  soon  regain  its 
former  horizontal  limits.  I  observed  similar  low  slop- 
ing fringes  00  several  parts  of  the  coast,  both  northward 
of  Valparaiso  and  near  Coquimbo ;  but  at  this  latter 
place,  from  the  change  in  form  which  the  coast  has 
undergone  since  the  old  escarpments  were  worn,  it  may 
be  doubted  whether  the  sea,  acting  for  any  length  of 
time  at  its  present  level,  would  eat  into  the  land  ;  for 
it  now  rather  tends  to  throw  up  great  masses  of  sand. 
It  is  from  facts  such  as  these  that  I  have  generally  used 
the  term  comparative  rest^  as  applied  to  the  elevation 
of  the  land ;  the  rest  or  cessation  in  the  movement 
being  comparative  both  with  what  has  preceded  it  and 
followed  it,  and  with  the  sea's  power  of  corrosion  at 
each  spot  and  at  each  level.  Near  Lima,  the  cliff- 
formed  shores  of  San  Lorenzo,  and  on  the  mainland 
south  of  Callao,  show  that  the  sea  is  gaining  on  the 
land ;  and  as  we  have  here  some  evidence  that  its 
surface  has  lately  subsided  or  is  still  sinking,  the  periods 
of  comparative  rest  in  the  elevation  and  of  contingent 
denudation,  may  probably  in  many  cases  include  periods 
of  subsidence.  It  is  only,  as  was  shown  in  detail  when 
discussing  the  terraces  of  Coquimbo,  when  the  sea  with 
difficulty  and  after  a  long  lapse  of  time  has  either 
corroded  a  narrow  ledge  into  solid  rock,  or  has  heaped 
up  on  a  steep  surface  a  narrow  mound  of  detritus,  that 
we  can  confidently  assert  that  the  land  at  that  level  and 
at  that  period  long  remained  absolutely  stationary.  In 
the  case  of  terraces  formed  of  gravel  or  sand,  altliough 
the  elevation  may  have  been  strictly  horizontal,  it  may 
well  happen  that  no  one  level  beach-line  may  be  trace- 
able, and  that  neither  the  terraces  themselves  nor  the 
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icarpmenta  may  be 


Aommit  n«r  liasul  edges  of  their  < 
botiznntal. 

nul^,  aoib|«zteg:  Ov  lurttet  0f  fibs  deratealMM, 
■ids^hwsdfrMn  ibe  QptsliMl  MMnt  oiititnie  iMnitfnsi 

tbe  Atluitia,  fliA  Hftvs  boBo  taaoA  t.%  iBtepnb  frnn 
«utarn  latent  d«l  Ftwgo  for  1,180  otileH  nortkMrd, 
and  dn  tiia  Pudfla  fer  r  opMe  ttf  8,075  mileB.  For  a 
lei^jtih  of  775  milflti  Ukt  obour  in  the  esme  latitDdeB 
on  both  aidea  of  tbe  otnitfaieBt.  Withoak  taking  this 
oiieumitenoo  into  oonsi^retion,  it  is  iwobahk  from 
tbo  noManp  urigned  in  the  but  cfaaptw,  tbst  tbe  eotin 
bnadth  of  the  oontiiient  in  Central  Patagraia  baa  been 
uplifted  in  mass ;  hot  from  other  reasons  there  givcm,  it 
would  be  hazardous  to  extend  this  couclosiou  to  La 
Plata.  From  the  tiontinent  being  narrow  in  thesouth- 
entmoBt  parts  of  Patagonia,  and  from  tbe  shells  found 
at  the  Inner  Narrows  of  the  Strait  of  Magellan,  and' 
likewise  far  up  the  valley  of  the  S.  Cruz,  it  is  probable 
that  the  southern  part  of  the  western  coast,  which  was 
not  visited  by  me,  has  been  elevated  within  the  period 
of  recent  Mollusca :  if  so,  the  shores  of  the  Pacific 
have  been  continuously,  recently,  and  in  a  geological 
sense  synchronously  upraised,  from  Lima  for  a  height  of 
2,480  nautical  milessouthward, — a  distance  equal  to  that 
from  the  Red  Sea  to  the  North  Cape  of  Scandinavia  I 
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CHAPTER  X. 

ON    THE   PLAINS   AND   VALLEYS   OF   CHILE: — SALIFEROUS 

SUPERFICIAL   DEPOSITS. 

Banr*4ike  plains  of  Chile ;  their  drainage,  their  marine  origin — Marks 
of  sea-action  on  the  eastern  flanks  of  the  Cordillera — Sloping  terrace' 
like  fringes  of  stratified  shingle  within  the  valleys  of  the  Cordillera  ; 
their  marine  origin — Boulders  in  the  valley  of  the  Cachapttal—  Hori- 
gonial  elevation  of  the  Cordillera — Formation  of  valleys — Boulders 
moved  by  earthqttake-imves — Saline  superficial  deposits — Bed  of 
nitrate  of  soda  at  Iquique— Saline  incrustations — Salt  lakes  of  La 
Plata  and  Patagonia  ;  purity  of  the  salt ;  its  origin. 

The  space  between  the  Cordillera  and  the  coast  of  Chile  is 
on  a  rude  average  from  eighty  to  above  one  hundred 
miles  in  width  ;  it  is  formed,  either  of  an  almost 
continuous  mass  of  mountains,  or  more  commonly  of 
several  nearly  parallel  ranges,  separated  by  plains ;  in 
the  more  southern  parts  of  this  province  the  mountains 
are  quite  subordinate  to  the  plains ;  in  the  northern 
part  the  mountains  predominate. 

The  basin-like  plains  at  the  foot  of  the  Cordillera 
are  in  several  respects  remarkable ;  that  on  which  the 
capital  of  Chile  stands  is  fifteen  miles  in  width,  in  an 
east  and  west  line,  and  of  much  greater  length  in  a 
north  and  south  line  ;  it  stands  1,750  feet  above  the  sea ; 
its  surface  appears  smooth,  but  really  falls  and  rises 
in  wide  gentle  undulations,  the  hollows  corresponding 
with  the  main  valleys  of  the  Cordillera :  the  striking 
manner  in  which  it  abruptly  comes  up  to  the  foot  of 
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this  great  range  haa  been  remarked  by  every  auihar  ^ 
nnce  the  time  of  Molina.  Near  the  Cordillera  it  is 
composed  of  a  stratified  mass  of  pebbles  of  all  siaes, 
occasionally  including  rounded  boulders:  near  its 
ivestem  boundary,  it  consists  of  reddish  sandy  day, 
containing  some  pebbles  and  numerous  fragments  of 
pumice,  and  sometimes  passes  into  pure  sand  or  into 
volcanic  ashes.  At  Podaguel,  on  this  western  side  of 
the  plain,  beds  of  sand  are  capped  by  a  calcareous 
tuff,  the  uppermost  layers  being  generally  hard  and 
substalagmitic,  and  the  lower  ones  white  and  friable^ 
both  together  precisely  resembling  the  beds  at  Go- 
quimbo,  which  contain  recent  marine  shells.  Abrupt,  . 
but  rounded,  hummocks  of  rock  rise  out  of  this  plain : 
those  of  Sta.  Lucia  and  S.  Cristoval  are  formed  of 
greenstone-porphyry  almost  entirely  denuded  of  its 
original  covering  of  porphyritic  claystone  breccia ;  on 
their  summits,  many  fragments  of  rock  (some  of  them 
kinds  not  found  vr^situ)  are  coated  and  united  together 
by  a  white,  friable,  calcareous  tufif,  like  that  found  at 
Podaguel.  WTien  this  matter  was  deposited  on  the 
summit  of  S.  Cristoval,  the  water  must  have  stood 
946  feet"^  above  the  surface  of  the  surrounding  plain. 

To  the  south  this  basin-like  plain  contracts,  and 
rising    scarcely   perceptibly    with    a   smooth    surface, 

'  This  plain  is  partially  separated  into  two  basins  by  a  ran^re  of 
hills  ;  the  sonthorn  half,  according  to  Meyen  (•  Reise  uih  Erde,'  Tib.  i. 
8.274),  falls  in  height,  by  an  abrupt  step,  of  between  fifteen  and  twenty 
feet. 

'  Or  2,690  feet  above  the  sea,  as  measured  barometrically  by  Mr. 
Eck.  This  tuff  appears  to  the  eye  nearly  pure;  but  when  phiced  in 
acid  it  letives  a  considerable  resi'luo  of  sand  and  broken  crj-stals, 
apparently  of  feldspar.  Dr.  Meyen  CReise,'  Tli.  i.  s.  269)  says,  ho 
found  a  similar  subst^ince  on  the  neighbouring  hill  of  Dominico  (and  I 
found  it  also  on  the  Cerro  Blanco),  and  he  attribut.es  it  to  the  weather- 
ing of  the  stone.  In  some  places  which  I  examined,  its  bulk  put  this 
view  of  its  origin  quite  out  of  question ;  and  I  should  much  doubt 
whether  the  decomposition  of  a  porphyry  would,  in  any  csise,  leave  a 
crust  chiefly  composed  of  carl)onate  of  lime.  The  white  crust,  which  is 
commonly  seen  on  weathered  feldspathic  rocks,  does  not  appear  to 
contain  any  free  carbonate  of  lime. 
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passes  through  a  remarkable  level  gap  in  the  moan- 
tains,  forming  a  true  land-strait,  and  called  the  Angostura. 
It  then  immediately  expands  into  a  second  basin-formed 
plain :  this  again  to  the  south,  contracts  into  another 
land-strait,  and  expands  into  a  third  basin,  which,  how- 
ever, falls  suddenly  in  level  about  forty  C^et.     This  third 
basin,  to  the  south,  likewise  contracts  into  a  strait,  and 
then  again  opens  into  the  great  plain  of  S.  Fernando, 
stretching  so  far  south  that  the  snowy  peaks  of  the  dis- 
tant Cordillera  are  seen  ri«ing  above  its  horizon  as  above 
the  sea.  These  plains,  near  the  Cordillera,  are  generally 
formed  of  a  thick  stratified  mass  of  shingle  ;  *  in  other 
parts,  of  a  red  sandy  clay,  often  with  an  admixture  of  pu- 
miceous  matter.  Although  these  basins  are  connected  to- 
gether like  a  necklace,  in  a  north  and  south  line,  by  smooth 
land-straits,  the  streams  which  drain  them  do  not  all  flow 
north  and  south,  but  mostly  westward,  through  breaches 
worn  in  the  boimding  mountains ;  and  in  the  case  of 
the  second  basin,  or  that  of  Rancagua,  there  are  two 
distinct  breaches.     Each  basin,  moreover,  is  not  drained 
singly :  thus,  to  give  the  most  striking  instance,  but 
not  the  only  one,  in  proceeding  southward  over  the 
plain  of  Rancagua,  we  first   find   the  water   flowing 
northward   to  and  through  the  northern  land-strait ; 
then,  without  crossing  any  marked  ridge  or  water-shed, 
we  see  it   flowing  south-westward  towards  the  northern 
one  of  the  two  breaches  in  the  western  mountainous 
boundary ;  and  lastly,  again  without  any  ridge,  it  flows 
towards  the  southern  breach  in  these  same  mountains. 
Hence  the  surface  of  this  one  basin-like  plain,  appear- 
ing to  the  eye  so  level,  has  been  modelled  with  great 
nicety,  so  that  the  drainage,  without  any  conspicuous 

*  The  plain  of  S.  Fernando  has,  according  to  MM.  Meyen  and  Gay 
('  Reise,*  &c.  Th.  i.  ss.  295  and  298),  near  the  Cordillera,  an  upper  step- 
formed  plain  of  clay,  on  the  surface  of  which  they  found  numerous 
blocks  of  rocks,  from  two  to  three  feet  long,  either  lying  single  or 
piled  in  heaps,  but  all  arranged  in  nearly  straight  lines. 


286  Basin-/ikc  P/a/?is  of  Chile,         tart  n. 

watersheds,  is  directed  towards  three  openings  in  the 
encircling  mountains.^  The  stieams  flawing  £rom  the 
three  southern  bedn-like  ptains,  after  paaring  1i)braiigh 
the  faceacheB  to  the  we8t»  unite  and  ibrm  the  river 
Bapel,  i^ch  enters  the  Pacific  .near  NavidadL  I 
followed  the  sonthemmosfe  branch  of  this  river,  and 
found  that  the  basin  or  plain  of  S.  Fernando  is  oon- 
tinuously  and  smoothly  united  with  those  plains, 
which  were  described  in  the  ninth  chapter,  as  being 
worn  near  the  coast  into  successive  cave-eaten  escarp- 
ments, and  still  nearer  to  the  ooast^  as  being  strewed  witii 
iqnmised  recent  marine  remains. 

I  might  have  given  descriptions  of  numeroos  other 
plains  of  the  same  general  form,  some  at  the  foot  of 
the  Cordillera,  s(»ne  near  the  ooast^  and  some  half-way 
between  these  points.  I  will  aldde  only  to  one  other, 
namely,  the  plain  of  Uqpallata,  lying  on  the  eastern 
or  opposite  side  of  the  GordiUera,  between  that  great 
range  and  the  parallel  lower  range  of  Uspallata. 
According  to  Miers,  its  surface  is  6,000  feet  above  the 
level  of  the  sea :  it  is  from  ten  to  fifteen  miles  in 
width,  and  is  said  to  extend  with  an  imbroken  surface 
for  180  miles  northwards:  it  is  drained  by  two  rivers 
passing  through  breaches  in  the  mountains  to  the  east. 
On  the  banks  of  the  S.  Mendoza  it  is  seen  to  be 
composed  of  a  great  aeeumidation  of  stratified  shingle, 
estimated  at  400  feet  in  thickness.  In  general  appear^ 
ance,  and  in  numerous  points  of  structure,  this  plan 
closely  resembles  those  of  Chile. 

The  origin  and  manner  of  formation  of  the  thick 
beds  of  gravel,  sandy  clay,  volcanic  detritus^  and  cal- 
careous tufif,  composing  these  basin-like  plains,  is  very 

'  It  appears  from  Capt.  Herbert's  aofoant  of  the  Dilariuni  of  the 
Himalaja  ('Gleanings  of  Science/  Calcutta,  roL  ii.  p.  164\  that 
prenselr  snnilar  remarks  applr  to  the  drainage  of  the  plains  or  ralleji 
iMKveen  tboae  great  moantaina. 
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important ;  because,  as  we  shall  presently  show,  they 
send  arms  or  fringes  far  up  the  main  valleys  of  the 
Cordillera.  Many  of  the  inhabitants  believe  that  these 
plains  were  once  occupied  by  lakes,  suddenly  drained  ; 
but  I  conceive  that  the  number  of  the  separate  breaches 
at  nearly  the  same  level  in  the  mountains  surrounding 
them,  quite  precludes  this  idea.  Had  not  such  distin- 
guished naturalists  as  MM.  Meyen  and  Gay  stated 
their  belief  that  these  deposits  were  left  by  great 
debacles  rushing  down  from  the  Cordillera,  I  should 
not  have  noticed  a  view,  which  appears  to  tme  from 
many  reasons  improbable  in  the  highest  degree — 
namely,  from  the  vast  accumulation  of  well-^oimded 
pebbles — ^their  frequent  stratification  with  layers  of 
sand — the  overlying  beds  of  calcareous  tufif— this  same 
substance  coating  and  uniting  the  fragments  of  rock 
on  the  hummocks  in  the  plain  of  Santiago — and  lastly 
even  from  the  worn,  rounded,  and  much  denuded  state 
of  these  hummocks,  and  of  the  headlands  which  pro- 
ject from  the  surrounding  mountains.  On  the  other 
hand,  these  several  circumstances,  as  well  as  the  con- 
tinuous union  of  the  basins  at  the  foot  of  the  Cor- 
dillera, with  the  great  plain  of  the  Eio  Rapel  which 
still  retains  the  marks  of  sea-action  at  various  levels, 
and  their  general  similarity  in  form  and  composition 
with  the  many  plains  near  the  coast,  which  are  either 
similarly  marked  or  are  strewed  with  upraised  marine 
remains,  fully  convince  me  that  the  mountains  bound- 
ing these  basin-plains  were  breached,  their  islet-like 
projecting  rocks  worn,  and  the  loose  stratified  detritus 
forming  their  now  level  surfaces  deposited,  by  the  sea, 
as  the  land  slowly  emerged.  It  is  hardly  possible  to 
state  too  strongly  the  perfect  resemblance  in  outline  be- 
tween these  basin-like,  long,  and  narrow  plains  of  Chile, 
(especially  when  in  the  early  morning  the  mists  hang- 
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ing  low  represeiited  waterj)  and  the  creekB  and  fionb 
now  intenecting  the  flootliem  and  western  shorea  of 
the  oontinent.    We  can  on  this  view-of  the  aea,  when 
the  land  stood   lower,  having  long   and  tranqoiUj 
occupied  tlie  spaces  between  the  monntain-ianges,  un- 
dersfaBOid  how  the  boundaries  of  the  separate  basina 
were  breached  in  more  than  one  place ;  for  we  see  that 
this  is  the  general  character  of  the  inland  bays  and 
channels  of  Tierra  del  Fuego ;  we  there,  also,  see  in 
the  sawing  action  of  the .  tides,  which  flow  with  great 
force  in  tfhe  cross  channels,  a  power  sufficient  to  keep 
the  breaches  open  as  the  land  emerged.    We  can 
forther  see  that  the  waves  would  naturally  leave  the 
smooth  bottom  of  each  great  bay  oar  channel  as  it  be-> 
came  slowly  converted  into  land,  gently  inclined  to  as 
many  points  as  there  were  mouths,  though  which  the 
sea  finally  retreated,  thus  forming  so  many  water-sheds, 
without  any  marked  ridges,  on  a  nearly  level  surface. 
The  absence  of  marine  remains  in  these  high  inland 
plains  cannot  be  properly  adduced  as  an  objection  to 
their  marine  origin :  for  we  may  conclude,  from  shells  not 
being  found  in  the  great  shingle  beds  of  Patagonia, 
though  copiously  strewed  on  their  surfaces,  and  from 
many  other  analogous   facts,  that  such    deposits   are 
eminently   unfavourable   for  the   embedment  of  such 
remains ;  and  with  respect  to  shells  not  being  found 
strewed   on  the  surface  of  these  basin-plains,  it  vras 
shown  in  the  last  chapter  that  remains  thus  exposed  in 
time  decay  and  disappear. 

I  observed  some  appearances  on  the  plains  at  the 
eastern  and  opposite  foot  of  the  Cordillera  which  are 
worth  notice,  as  showing  that  the  sea  there  long  acted 
at  nearly  the  same  level  as  on  the  basin-plains  of  Chile. 
The  mountains  on  this  eastern  side  are  exceedinjrlv 
abrupt ;    thev   rise  out  of  a  smooth,  talus-like,  verv 
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gentle,  slope,  from  five  to  ten  miles  in  width  (as  repre- 
sented in  the  following  diagram),  entirely  composed  of 

No.  27. 

Section  of  the  Plain  at  the  Eastern  Foot  of  the  Chilian  Cordillera. 
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perfectly  rounded  pebbles,  often  white-washed  with  an 
aluminous  substance  like  decomposed  feldspar.  This 
sloping  plain  or  talus  blends  into  a  perfectly  flat  space 
a  few  miles  in  width,  composed  of  reddish  impure  clay, 
with  small  calcareous  concretions  as  in  the  Pampean 
deposit, — of  fine  white  sand  with  small  pebbles  in 
layers, — and  of  the  above-mentioned  white  aluminous 
earth,  all  interstratified  together.  This  flat  space  runs 
as  far  as  Mendoza,  thirty  miles  northward,  and  stands 
probably  at  about  the  same  height,  namely,  2,700  feet 
(Pentland  and  Miers)  above  the  sea.  To  the  east  it 
is  bounded  by  an  escarpment,  eighty  feet  in  height, 
running  for  many  miles  north  and  south,  and  composed 
of  perfectly  round  pebbles,  and  loose,  white-washed,  or 
embedded  in  the  aluminous  earth :  behind  this  escarp- 
ment there  is  a  second  and  similar  one  of  gravel. 
Northward  of  Mendoza,  these  escarpments  become 
broken  and  quite  obliterated ;  and  it  does  not  appear  that 
they  ever  enclosed  a  lake-like  area :  I  conclude,  there- 
fore, that  they  were  formed  by  the  sea,  when  it  reached 
the  foot  of  the  Cordillera,  like  the  similar  escarpments 
occurring  at  so  many  points  on  the  coasts  of  Chile  and 
Patagonia. 

The  talus-like  plain  slopes  up  with  a  smooth 
surface  into  the  great  dry  valleys  of  the  Cordillera.  On 
each  hand  of  tlie  Portillo  valley,  the  mountains  aie 
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formed  of  red  granite,  mica-elate,  and  basalt,  which  all 
have  suffereda  truly  astonishing  amountofdenudatioD: 
the  gravel  in  the  valley,  as  well  as  on  the  talus-like 
pluin  in  front  of  it,  is  composed  of  these  rocks;  but  at 
the  mouth  of  the  valley,  in  the  middle  (height  prnb«- 
bly  about  3,500  feet  above  the  sea),  a  few  small  isolated 
hillocks  of  several  varieties  of  porphyry  project,  round 
which,  on  all  sides,  smooth  and  often  while-washed 
pebbles  of  these  same  porphyries,  to  the  exclusion  ot 
all  others,  extend  to  a  circTimscribed  distance.  Now, 
it  ia  diflBcult  to  conceive  any  other  agency,  except  the 
quiet  and  long-continued  action  of  the  sea  on  these 
hillocks,  which  could  have  roimded  and  white-washed 
the  fragments  of  porphyry,  and  caiised  them  to  radiate 
from  siicli  Rnall  and  quite  ins^ignificant  centre?,  in  the 
midst  of  that  vast  stream  of  stones  which  has  descended 
from  the  main  Cordillera. 

Sloping  Terraces  of  Gravel  in  the  Vtdleya  of  the 
Cordillera. — All  the  main  valleys  on  both  flanks  of  the 
Chilian  Cordillera  have  formerly  had,  or  still  have,  their 
bottoms  filled  up  to  a  considerable  thickness  by  a  mass 
of  rudely  stratified  shingle.  In  central  Chile,  the 
greater  part  of  this  mass  has  been  removed  by  the 
torrents  ;  cliff-bounded  fringes,  more  or  less  continuous, 
being  left  at  corresponding  heights  on  both  sides  of 
the  valleys.  These  fringes,  or  as  they  may  be  called 
terraces,  have  a  smooth  surface,  and  as  the  valleys  rise, 
they  gently  rise  with  them  :  hence  they  are  easily  irri- 
gated, and  afford  great  facilities  for  the  construction  of 
the  roads.  From  their  uniformity,  they  give  a  re- 
markable character  to  the  scenery  of  these  grand,  wild, 
broken  valleys.  In  width,  the  fringes  vary  much, 
sometimes  being  only  broad  enough  for  the  roads,  and 
sometimes  expanding  into  narrow  plains.  Their  sur- 
faces, Ijesides  gently  rising  up  the  valley,  »re  slightly 
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inclined  towards  its  fientre  in  such  a  manner  as  to 
show  that  the  whole  bottom  must  ouce  havo  been  filled 
up  with  a  smooth  and  slightly  concave  mass,  as  atill  are 
the  dry  unfurrowed  valleys  of  northern  Chile.  Where 
two  vaUefB  unite  into  one,  these  termces  are  particu- 
larly well  exhibited,  as  is  represented  in  the  following 
diagram.     The  thickness  of  the  gravel  forming  these 

No.  2S. 
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fringes,  on  a  rude  average,  may  be  said  to  vary  from 
thirty  to  sixty  or  eighty  feet ;  but  near  the  mouths  of 
the  valleys  it  was  in  several  places  from  200  to  300 
feet.  The  amount  of  matter  removed  by  the  torrents 
has  been  immense ;  yet  in  the  lower  parts  of  the 
valleys  the  terraces  have  seldom  been  entirely  worn 
away  on  either  side,  nor  has  the  solid  underlying  rock 
been  reached  ;  higher  up  the  ^'alleys,  the  terraces  have 
frequently  been  removed  on  one  or  the  other  side,  and 
sometimes  on  both  sides ;  but  in  this  latter  case  they 
re-appear  after  a  short  interval  on  the  line,  which  they 
would  have  held  had  they  been  unbroken.     Wheie  t'ci^ 
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«olid  rock  has  l)een  reached,  it  has  been  cut  into  deep 
and  narrow  gorges.  Still  higher  up  the  valleys,  the 
terraces  gradually  become  more  and  more  broken, 
narrower,  and  leae  thick,  until,  at  a  height  of  from 
7,000  to  9,000  feet,  they  become  lost,  and  blended  with 
the  piles  of  fallen  detritus. 

I  carefiHly  examined  in  many  plaees  the  state  of  the 
gravel,  and  almost  everywhere  found  the  pebbles  equally 
and  perfectly  rounded,  occasionally  with  great  blocks 
of  rock,  and  generally  distinctly  st-ratiiied,  often  with 
parting  seams  of  sand.  The  pebbles  were  sometimes 
coated  with  a  white  aluminous,  and  less  frequently  with 
a  calcareous,  cniat.  At  great  heights  up  tlie  valleys, 
the  pebbles  become  less  rounded ;  and  as  the  terraces 
become  obliterated,  the  whole  mass  passes  into  the 
nature  of  ordinary  detritus.  I  was  repeatedly  struck 
with  the  great  difference  between  this  detritus  high  up 
the  valleys,  and  the  gravel  of  the  terraces  low  down, 
namely,  in  the  greater  number  of  the  quite  angular 
fragments  in  the  detritus, — in  the  unequal  degree  to 
which  the  other  fragments  have  been  rounded, — in  the 
quantity  of  associated  earth, — in  the  absenoe  of  stratifi- 
cation,— and  in  the  irregularity  of  the  upper  surfaces. 
This  ditferencp  was  likewise  well  shown  at  points  low 
down  the  ViilU'Vs.  when?  precipitous  ravinee,  cutting 
thiiiiigh  inouuLaina  of  higlily  coloured  rock,  have  thrown 
down  wide,  fan-sbaped  accumidations  of  detritus  on  the 
terraces:  in  such  cases,  the  line  of  separation  between 
the  detritus  and  the  terrace  could  be  pointed  out  to 
within  an  inch  or  two ;  the  detritus  consisting  entirely 
of  angular  and  only  partially  rounded  fragments  of  the 
adjoining  coloured  rocks;  the  stratified  shingle  (as  I 
ascertained  by  close  inspection,  especially  in  one  case, 
in  the  valley  of  the  E.  Mendoza)  containing  only  a 
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small  proportion  of  these  fragments,  and  those  few  well 
rounded. 

I  particularly  attended  to  the  appearance  of  the 
terraces  where  the  valleys  made  abrupt  and  considerable 
bends,  but  I  could  perceive  no  diflference  in  their  struc- 
ture :  they  followed  the  bends  with  their  usual  nearly 
equable  inclination.  I  observed,  also^  in  several 
valleys,  that  wherever  large  blocks  of  any  rock  became 
numerous,  either  on  the  surface  of  the  terrace  or  em- 
bedded in  it,  this  rock  soon  appeared  higher  up  in  situ : 
thus  I  have  noticed  blocks  of  porphyry,  of  andesitic 
syenite,  of  porphyry  and  of  syenite,  alternately  becoming 
numerous,  and  in  each  case  succeeded  by  mountains 
thus  constituted.  There  is,  however,  one  remarkable 
exception  to  this  rule;  for  along  the  valley  of  the 
Cachapual,  M.  Gay  found  numerous  large  blocks  of 
white  granite,  which  does  not  occur  in  the  neighbour- 
hood :  I  observed  these  blocks,  as  well  as  others  of 
andesitic  syenite  (not  occurring  here  in  situ),  near  the 
baths  of  Cauquenes  at  a  height  of  between  200  and  300 
feet  above  the  river,  and  therefore  quite  above  the 
terrace  or  fringe  which  borders  that  river  ;  some  miles 
higher  up  the  valleys  there  were  other  blocks  at  about 
the  same  height :  I  also  noticed,  at  a  less  height,  just 
above  the  terrace,  blocks  of  porphyries  (apparently  not 
found  in  the  immediately  impending  moimtains), 
arranged  in  rude  lines,  as  on  a  sea-beach.  All  these 
blocks  were  rounded,  and  though  large,  not  gigantic, 
like  the  true  erratic  boulders  of  Patagonia  and  Fuegia. 
M.  Gay  *  states  that  granite  does  not  occur  in  situ, 
within  a  distance  of  twenty  leagues;  I  suspect,  for 
several  reasons,  that '  it  will  ultimately  be  found  at  a 

*  •  Annales  de»  Scienc.  Nat,'  (I.  series,  torn.  28).  M.  Gray,  as  I  was 
informed,  penetrated  the  Cordillera  by  the  great  oblique  valley  of  Los 
Cupressos,  and  not  by  the  most  direct  line. 
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much  less  distance,  though  certainly  not  in  the  imme- 
diate neighbourhood.  The  boulders  found  by  MM. 
Meyen  and  Gay  on  the  upper  plain  of  S.  Fernando 
(mentioned  in  a  previous  note)  probably  belong  to  this 
same  class  of  phenomena. 

These  fringes  of  stratified  gravel  occur  along  all  the 
great  valleys  of  the  Cordillera,  as  well  as  along  their 
main  branches ;  they  are  strikingly  developed  in  the 
valleys  of  the  Maypu,  Mendoza,  Aconcagua,  Cachapual, 
and  according  to  Meyen,*  in  the  Tinguirica.  In  the 
valleys,  however,  of  northern  Chile,  and  in  some  on  the 
eastern  flank  of  the  Cordillera,  as  in  the  Portillo 
Valley,  where  streams  have  never  flowed,  or  are  quite 
insignificant  in  volume,  the  presence  of  a  mass  of 
stratified  gravel  can  be  inferred  only  from  the  smooth 
slightly  concave  form  of  the  bottom.  One  naturally 
seeks  for  some  explanation  of  so  general  and  striking  a 
phenomenon ;  that  the  matter  forming  the  fringes 
along  the  valleys,  or  still  filling  up  their  entire  beds, 
has  not  fallen  from  the  adjoining  mountains  like 
common  detritus,  is  evident  from  the  complete  con- 
trast in  every  respect  between  the  gravel  and  the  piles 
of  detritus,  whether  seen  high  up  the  valleys  on  their 
sides,  or  low  down  in  front  of  the  more  precipitous 
ravines ;  that  the  matter  has  not  been  deposited  by 
debacles,  even  if  we  could  believe  in  debacles  having 
rushed  do\sTi  everif  valley,  and  all  their  branches,  east- 
ward and  westward  from  tlie  central  pinuacles  of  the 
Cordillera,  we  must  admit  from  the  following  reasons, 
— from  the  distinct  stratification  of  the  mass, — its 
smooth  upper  surface, — the  well-rounded  and  some- 
times encrusted  state  of  the  pebbies,  so  different  from 
the  loose  debris  on  the  mountains, — and  especially  from 
the  terraces  preserving  their  uniform  inclination  round 

>  '  Reise;  &c.  Th.  I.  8.  302. 
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the  most  abrupt  bends.  To  suppose  that  as  the  land 
now  stands,  the  rivers  deposited  the  shingle  along  the 
course  of  every  valley,  and  all  their  main  branches, 
appears  to  me  preposterous,  seeing  that  these  same 
rivers  not  only  are  now  removing  and  have  removed 
much  of  this  deposit,  but  are  everywhere  tending  to  cut 
deep  and  narrow  gorges  in  the  hard  underlying  rocks. 

I  have  stated  that  these  fringes  of  gravel,  the  origin 
of  which  are  inexplicable  on  the  notion  of  debacles  or 
of  ordinary  alluvial  action,  are  directly  continuous  with 
the  similarly-composed  basin-like  plains  at  the  foot  of 
the  Cordillera,  which,  from  the  several  reasons  before 
assigned,  I  cannot  doubt  were  modelled  by  the  agency 
of  the  sea.  Now  if  we  suppose  that  the  sea  formerly 
occupied  the  valleys  of  the  Chilian  Cordillera,  in  pre- 
cisely the  same  manner  as  it  now  does  in  the  more 
southern  parts  of  the  continent,  where  d.ep  winding 
creeks  penetrate  into  the  very  heart  of,  and  in  the  case 
of  Obstruction  Sound  quite  tnrough,  this  great  range; 
and  if  we  suppose  that  the  mountains  were  upraised  in 
the  same  slow  manner  as  the  eastern  and  western  coasts 
have  been  upraised  within  the  recent  period,  then  the 
origin  and  formation  of  these  sloping,  terrace-like  fringes 
of  gravel  can  be  simply  explained.  For  every  part  of 
the  bottom  of  each  valley  will,  on  this  view,  have  long 
stood  at  the  head  of  a  sea-creek,  into  which  the  then 
existing  torrents  will  have  delivered  fragments  of  rocks, 
where,  by  the  action  of  the  tides,  they  will  have  been 
rolled,  sometimes  encrusted,  rudely  stratified,  and  the 
whole  surface  levelled  by  the  blending  together  of  tlie 
successive  beach  lines. ^     As  the  land  rose,  the  torrents 

•  Sloping  terraces  of  precisely  similar  structure  have  been  described 
bj  me  ('  Philosoph.  Transactions.'  1839,  p.  68)  in  the  valleys  of  Lochaber 
in  Scotland,  where,  at  higher  levels,  the  pamllel  roads  of  Glen  Roy 
show  the  marks  of  the  long  and  quiet  residence  of  a  glacial  lake.  I 
have  no  doubt  that  sloping  terraces  would  have  been  present  in  the 
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in  every  valley  will  have  t.ended  to  have  removed  the 
matter  which  just  before  bad  been  arrested  on,  or  near, 
the  beach-lines ;  the  torrents,  also,  having  continued 
to  g:ain  in  force  by  the  continued  elevation  increasing 
their  total  descent  from  their  sources  to  the  sea.  ThiB 
slow  rising  of  the  Cordillera,  which  explains  so  well  the 
otherwise  inexplicable  origin  and  structm-e  of  the  ter- 
races, judging  from  all  known  analogies,  will  probably 
have  been  interrupted  by  many  periods  of  rest ;  but  we 
ought  not  to  expect  to  find  any  evidence  of  these  periods 
in  the  stnictiire  of  vhe  gravel-terraces:  for,  as  the  waves 
at  the  heads  of  deep  creeks  have  little  erosive  power,  so 
the  only  effect  of  the  sea  having  long  remained  at  the 
same  level  will  be  that  the  upper  parts  of  the  careeka 
will  have  become  filled  up  at  such  periods  to  the  level 
of  ihe  water  with  gravel  and  sand ;  and  that  afterwards 
the  rivers  will  have  thrown  down  on  the  fiUed-up  parts 
a  talus  of  similar  matter,  of  which  the  inclination  (as 
at  the  bead  of  a  partially  filled-np  lake)  will  have  been 
determined  by  the  supply  of  detritus,  and  the  force  of 
the  stream.'  Hence,  after  the  final  conversion  of  the 
creeks  into  valleys,  almost  the  only  difference  in  the 
terraces  at  those  points  at  which  the  sea  stood  long,  will 
be  a  somewhat  more  gentle  inclination,  with  river-wom 
instead  of  sea-worn  detritus  on  the  surface. 

I  know  of  only  one  difficulty  on  the  foregoing  view, 
namely,  the  far-transported  blocks  of  rock  high  on  the 
sides  of  the  valley  of  the  Oachapual :  I  will  not  attempt 
any  explanation  of  this  phenomenon,  but  I  may  state 

dttlejH  of  moBt  of  the  European  ranges,  hnd  not  erery  trace  of  them,  and 
all  wrecks  of  Bea-iiction,  beon  swept  away  by  the  (flariers  which  have 
iiinee  occupied  them.  I  have  shown  that  this  is  the  case  with  the 
■naDntuuB.  '  London  and  Edin.  Phil.  Journal,'  vol.  ui.  p.  1 87)  of  North 
■Wales. 

I  I  hare  attempted  to  eiplain  this  process  in  n  more  detailed 
manner,  in  a  letter  to  Mr.  Maclan'n,  published  in  the  •  Edinburgh  New 
Phil.  Journ^,'  toI.  hit.  p.  2SS. 
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my  belief  that  a  mountain-ridge  near  the  Baths  of  Cau- 
qaenes  has  been  upraised  long  subsequently  to  all  the 
other  ranges  in  the  neighbourhood^  and  that  when  this 
was  effected  the  whole  face  of  the  country  must  have 
been  greatly  altered.  In  the  course  of  ages^  moreover, 
in  this  and  other  valleys,  events  may  have  occurred  like, 
but  even  on  a  grander  scale  than,  that  described  by 
Molina,^  when  a  slip  during  the  earthquake  of  1762 
banked  up  for  ten  days  the  great  river  Lontu^,  which 
then. bursting  its  barrier  '  inundated  the  whole  country,' 
and  doubtless  transported  many  great  fragments  of  rock. 
Finally,  notwithstanding  this  one  case  of  difficulty,  I 
cannot  entertain  any  doubt,  that  these  terrace-like 
fringes,  which  are  continuously  united  with  the  basin- 
shaped  plains  at  the  foot  of  the  Cordillera,  have  been 
formed  by  the  arrestment  of  river-bome  detritus   at 

1  '  Compendio  de  la  Hist.'  &c.  &c.  1. 1 .  p.  30.  M.  Erongniart,  in  liitt 
report  on  M.  Gay's  labours  ('Annales  des  Sciences,'  1833)  considers 
that  the  boulders  in  the  Cachnpual  belong  to  the  same  class  with  the 
erratic  boulders  of  Europe.  As  the  blocks  which  I  saw  are  net  gigantic, 
and  especially  as  they  are  not  angular,  and  as  they  have  not  been 
transported  fairly  across  low  spaces  or  wide  ralleys,  I  am  unwilling  to 
class  them  with  those,  which,  both  in  the  northern  and  southern 
hemisphere  ('Geolog.  Transac.'  vol.  vi.  p.  415),  hare  been  transported  by 
ice.  It  is  to  be  hoped,  that  when  M.  Gay's  long-continued  and 
admirable  lalxjurs  in  Chile  are  published,  more  light  will  be  thrown  on 
this  subject.  However,  the  boulders  may  have  been  primarily  trans- 
porte<l;  the  final  position  of  those  of  porphyry,  which  have  been 
described  as  aminged  at  the  foot  of  the  mountain  in  rude  lines,  I 
cannot  doubt,  has  been  due  to  the  action  of  waves  on  a  beach.  The 
valley  of  the  Cachapual,  in  the  part  vhere  the  boulders  occur,  bursts 
through  the  high  ridge  of  Cauquenes,  which  runs  parallel  to,  but  at 
some  distance  from,  tlie  ConHllera.  This  ridge  lias  been  subjected  to 
excessive  violence  ;  tmcliytic  lava  has  burst  from  it,  and  hot  springs  yet 
flow  at  its  base.  Seeing  the  enormous  amount  of  denudation  of  solid 
rock  in  the  upper  and  much  broader  parts  of  this  valley  where  it 
enters  the  Cordillera,  and  seeing  to  what  extent  the  ridge  of  Cauquenes 
now  protects  the  great  nmge,  I  could  not  help  believing  (as  alluded 
to  in  the  text)  that  this  ridjje  with  its  trachytic  eruptions  had  been 
thrown  up  at  a  much  later  periwl  than  the  Cordillera.  If  this  has  been 
the  case,  the  boulders,  after  having  been  transported  to  a  low  level  by 
the  torrents  (which  exhibit  in  every  valley  proofs  of  their  power  of 
moving  great  fragments),  may  have  been  raised  up  to  their  present 
height,  with  the  land  on  which  they  resped. 


succesdve  levels,  in  the  same  manner  as  we  see  now.- 
taking  place  at  the  heads  of  qU  those  many,  deep,- 
wiudinjf  fiords  intersecting  the  southern  coasts.  To  my 
mind,  this  has  been  one  of  the  most  important  coa- 
clnaions  to  which  my  obaervatioiiB  on  t.be  geology  of 
South  America  have  led  me;  for  we  thus  learn  that  one 
of  the  grandest  and  most  symmetrical  mouutaiu-cbaina 
in  the  world,  with  its  several  parallel  lines,'  have  been 
t<^ether  uplifted  in  mass  betweea  7,000  and  9,000 
feet,  in  the  same  gradual  manner  as  have  the  eastern 
and  wefjtem  coasts  within  the  recent  period. 

FoTTnation  of  Valleys. 

Tlie  bulk  of  solid  rock  which  has  been  removed  in 
the  lower  parts  of  the  valleys  of  the  Cordillera  has  been 
enormous :  it  is  only  by  reflecting  on  such  cases  as  that 
of  the  gravel  beds  of  Patagonia,  covering  so  many  thou- 
sand squai-e  leagues  of  surface,  and  which  if  heaped  into 
a  ridge,  would  form  a  mountain-range,  almost  equal  to 
the  Cordillera,  that  the  amoimt  of  denudation  becomes 
credible.     The  valleys  within  this  range,  often  follow 

'  I  do  not  winh  to  nfflrm  thnt  all  the  linos  liaro  been  uplilW  qoile 
equall;:  sligliC  difftrcncLij  in  tbe  olsvatiaD  woulil  leave  no  pi-iceptible 
effect  on  tbe  terraces.  It  may,  liowerar,  ha  infumid,  periinpa  mlii  one 
eiception,  tljnt  kinco  Ui«  period  when  the  eea  (Kcupied  tbeeo  valleys,  tha 
BBToral  mngeg  hnve  not  been  dislocated  Lj  grrat  and  abmpt  faults  ot 
upheavals;  for  if  such  had  occuired,  tbe  temce«  of  gravel  at  thesa 
paints  vould  not  have  been  rontinaoDa  The  one  eicejition  is  nt  tbe 
lover  end  of  a  pUin  in  tbe  Valle  del  Yeso  (n  bmnch  of  the  Maypti). 
where,  at  a  gn-at  height,  the  tpiraces  and  vnlluj  appear  Ui  have  beea 
broken  through  by  a  lino  of  uphearal,  of  vhich  the  evideaeo  is  pluia  in 
the  adjoioing  miiuntHins;  this  diBlocation.  perhaps,  Demurred  aj'ttr  the 
elevalvM  of  diis  part  of  the  valUy  above  the  level  of  tbe  sea.  The 
volley  hero  is  olmosl  blocked  up  by  a  pile  ahoTo  1,000  feet  in  thickneas. 
ibrmedi  as  far  as  I  could  judge,  from  thrm  sides,  entirely,  or  at  least  in 
chief  part,  of  grave!  and  detritus,     On  the  bouUi  aide,  the  rii-er  has  cu^ 

Joite  through  this  mass  ;  on  thu  nortliom  side,  and  oa  tbe  very  eummit 
eep  rarines.  parallel  to  the  line  of  the  Tall*y,  are  worn,  ns  if  tlie 
dlBinaee  from  the  valley  aboTB  bad  passed  by  ILese  two  lines  biTore 
fotlovingils  present  course. 
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anticlinal  but  rarely  synclinal  lines ;  that  is,  the  strata 
on  the  two  sides  more  often  dip  from  the  line  of  valley 
than  towards  it.  On  the  flanks  of  the  range,  the  valleys 
most  frequently  run  neither  along  anticlinal  nor  syn- 
clinal axes,  but  along  lines  of  flexure  or  faults  ;  that  is, 
the  strata  on  both  sides  dip  in  the  same  direction,  but 
with  diflferent,  though  often  only  slightly  difiorent, 
inclinations.  As  most  of  the  nearly  parallel  ridges 
which  together  form  the  Cordillera  run  approximately 
north  and  south,  the  east  and  west  valleys  cross  them 
in  zig-zag  lines,  bursting  through  the  points  where  the 
strata  have  been  least  inclined.  No  doubt  the  greater 
part  of  the  denudation  was  affected  at  the  periods  when 
tidal  creeks  occupied  the  valleys,  and  when  the  outer 
flanks  of  the  mountains  were  exposed  to  the  full  force 
of  an  open  ocean.  I  have  already  alluded  to  the  power 
of  the  tidal  action  in  the  channels  connecting  great 
bays  ;  and  I  may  here  mention  that  one  of  the  sm^eying 
vessels  in  a  channel  of  this  kind,  though  under  sail, 
was  whirled  round  and  round  by  the  force  of  the  current. 
We  shall  hereafter  see,  that  of  the  two  main  ridges 
forming  the  Chilian  Cordillera,  the  eastern  and  loftiest 
one,  owes  the  greater  piart  of  its  angular  upheaval  to  a 
period  subsequent  to  the  elevation  of  the  western  ridge; 
and  it  is  likewise  probable  that  many  of  the  other 
parallel  ridges  have  been  angularly  upheaved  at  diflferent 
periods ;  consequently  many  parts  of  the  smfaces  of 
these  mountains  must  formerly  have  been  exposed  to 
the  full  force  of  the  waves,  which,  if  the  Cordillera 
were  now  sunk  into  the  sea,  would  be  protected  by 
parallel  chains  of  islands.  The  torrents  in  the  valleys 
certainly  have  great  power  in  wearing  the  rocks ;  as 
could  be  told  by  the  dull  rattling  sound  of  the  many 
fragments  night  and  day  hurrying  downwards ;  and  as 
was  attested  by  the  vast  size  of  certain  fragments,  which 


I  was  assured  had  been  carried  onwards  during  floods ; 
yet  we  have  seen  in  the  lower  part^  of  the  v-alleys,  that 
the  torrentB  have  seldom  removed  all  the  sea-checked 
dnn^  fbnning  the  teraoea,  aad  ham  luid  tuns  anee 
Ae  laat  denlaw  m  mMi  aeij  to  est  in  tbe  under*  ■ 
ijiag  nda,  gorgim,  deep  aad  mirow,  but  quite  ianpi- 
fiemt  in  dimraaosiB  ocnq«nd  villi  the  entim  mdtt 
and  depth  of  the  TsUeTi. 

AioDg  the  ahores  of  tbe  Pkcifie,  I  nentf  ceMad 
daring  mj  many  and  long  exconiaDfl  to  fed  astorahed 
at  seeing  evory  'valley,  lavine,  and  even  little  anqoality 
(tmabaBthoth  in  the  hard  granltie  and wft tertnoy 
dirtriflta,  ntaining  the  coaet  outline,  iriiich  they  had 
wbtai  the  sea  left  their  snr&cee  coated  with  orgaaie 
remains.  When  these  remains  shall  have  decayed, 
there  will  be  scarcely  any  difference  in  appearance  be- 
tween this  line  of  coast-land  and  most  other  countries, 
which  we  are  accustomed  to  believe  have  assumed  their 
present  features  chiefly  throu^  tbe  agency  of  the 
weatber  and  fresh-water  streams.  In  tbe  old  granitic 
districts,  no  donbt  it  would  be  rash  to  attribute  all  the 
modifications  of  outline  exclusively  to  the  sea-action ; 
for  who  can  say  how  often  this  lately  submei^ed  coast 
may  not  previously  have  existed  as  land,  worn  by  run- 
ning streams  and  washed  by  rain  ?  This  source  of  doubt, 
however,  does  not  apply  to  the  districts  superficially 
formed  of  tbe  modem  tertiary  deposits.  Tbe  valleys 
worn  by  the  sea,  through  the  softer  formations,  both  on 
the  Atlantic  aod  Pacific  sides  of  the  continent,  are 
generally  broad,  winding,  and  flat-bottomed :  tbe  only 
dirtrict  of  this  nature  now  penetrated  by  arms  of  the 
sea,  is  the  inland  of  Chiloe. 

Finally,  the  conclusion  at  which  I  have  arrived, 
with  respect  to  the  relative  powers  of  rain  and  sea  water 
on  the  land,  is,  that  tbe  latter  is  &r  the  most  efficient 
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agent,  and  that  its  chief  tendency  is  to  widen  the 
Talleys;  whilst  torrents  and  rivers  tend  to  deepen  them, 
and  to  remove  the  wreck  of  the  sea's  destroying  action. 
Ab  the  waves  have  more  power,  the  more  open  and  ex- 
posed the  space  may  be,  so  will  they  always  tend  to 
widen  more  and  more  the  mouths  of  valleys  compared 
with  their  upper  parts:  henee,  doubtless,  it  is,  that 
most  valleys  expand  at  their  mouths, — that  part,  at 
which  the  rivers  flowing  in  them,  generally  have  the 
least  wearing  power. 

When  reflecting  on  the  action  of  the  sea  on  the 
land  at  former  levels,  the  effect  of  the  great  waves, 
which  generally  accompany  earthquakes,  must  not  be 
overlooked :  few  years  pass  without  a  severe  earthquake 
occurring  on  some  ,part  of  the  west  coast  of  South 
America ;  and  the  waves  thus  caused  have  great  power. 
At  Concepeion,  after  the  shock  of  1835,  I  saw  large 
slabs  of  sandstone,  one  of  which  was  six  feet  long,  three 
in  breadth,  and  two  in  thickness,  thrown  high  up  on 
the  beach  ;  and  from  the  nature  of  the  marine  animals 
still  adhering  to  it,  it  must  have  been  torn  up  from  a 
considerable  depth.  On  the  other  hand,  at  Callao,  the 
recoil- wave  of  the  earthquake  of  1746  carried  great 
masses  of  brickwork,  between  three  and  four  feet  square, 
some  way  out  seaward..  During  the  course  of  ages,  the 
effect  thus  produced  at  each  successive  level,  cannot 
have  been  small ;  and  in  some  of  the  tertiary  deposits 
on  this  line  of  coast,  I  observed  great  boulders  of 
granite  and  other  neighbouring  rocks,  em]>edded  in 
fine  sedimentary,  layers,  the  transportal  of  which,  except 
by  the  means  of  earth  quake- waves,  always  appeared  to 
me  inexplicable. 
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Superficial  Saline  Deposits. 

This  subject  may  be  here  conveniently  treated  of: 
I  will  begpin  with  the  most  interesting  case,  namely, 
the  superficial  saline  beds  near  Iquique  in  Peru.    The 
porpliyritic  mountains  on  the  coast  rise  abruptly  to  a 
height  of  between  1,900  and  3,000  feet:  between  their 
summits  and  an  inland  plain,  on  which  the  celebrated 
deposit  of  nitrate  of  soda  lies,  there  is  a  high  undulatory 
district,  covered  by  a  remarkable  superficial  saliferous 
crust,  chiefly  composed  of  common  salt,  either  in  white, 
hard,  opaque  nodules,  or  mingled  with  sand,  in  this 
latter  case  forming  a  compact  sandstone.      This  sali- 
ferous superficial  crust  extends  from   the  edge  of  the 
coast-escarpment,  over  the  whole  face  of  the  country ; 
but  never  attains,  as  I  am  assured  by  Mr.   BoUaert 
(long  resident  here)  any  great  thickness.      Although  a 
very  slight  shower  falls  only  at  intervals  of  many  years, 
yet  small  funnel-shaped  caN^ities  show  that  the  salt  has 
been  in  some  parts  dissolved.*     In  several  places  I  saw 
large  patches  of  sand,  quite  moist,  owing  to  the  quan- 
tity of  muriate  of  lime  (as  ascertained  by  Mr.  T.  Keeks) 
contained  in  them.     From  the  compact  salt-cemented 
sand  being  either  red,  purplish,  or  yellow,  according 
to  the  colour  of  the  rocky  strata  on   w^hich  it   rested, 
I    imagined    that    this    substance    had    probably  been 
derived  through  common  alluvial  action  from  the  la3'ers 
of  salt  which   occur  interstratified  in  the  surrounding 
mountains  :  but  from  the  interesting  details  given    by 

'  It  is  .sincniJ;ir  how  slowly,  according  to  tlif  ol'Scrvntions  (.f  M. 
Cor.lier  on  the  F.ilt-mountain  of  Car.iona  in  Spain  (•Ann.  dov;  ^Mines, 
Transl.  of  Geoloi;.  Mem.'  by  I)e  la  Beche,  p.  6o).  .silt  is  di^^.solved.  where 
the  amount  of  niin  is  supposed  to  I'O  as  mtioh  as  01-4  (»f  an  indi  in  the 
year.  It  is  calcuhited.thal  only  five  feel  in  thickness  is  dissolved  in  tlie 
course  of  a  century. 
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Id.  d'Orbigny,  and  from  finding  on  a  fresh  examination 
of  this  agglomerated  sand,  that  it  is  not  irregularly 
cemented,  but  consists  of  thin  layers  of  sand  of  different 
tints  of  colour,  alternating  with  excessively  fine  paral- 
lel layers  of  salt,  I  conclude  that  it  is  not  of  alluvial 
origin.  M.  d'Orbigny  '  observed  analogous  saline  beds 
extending  from  Cobija  for  five  degrees  of  latitude 
northward,  and  at  heights  varying  from  600  to  900 
feet :  from  finding  recent  sea-shells  strewed  on  these 
saliferous  beds,  and  under  them,  great,  well-rounded 
blocks,  exactly  like  those  on  the  existing  beach,  he 
believes  that  the  salt,  which  is  invariably  superficial, 
has  been  left  by  the  evaporation  of  the  sea-water.  This 
same  conclusion  must,  I  now  believe,  be  extended  to 
the  superficial  saliferous  beds  of  Iquique,  though  they 
stand  about  3,000  feet  above  tlie  level  of  the  sea. 

Associated  with  the  salt  in  the  superficial  beds, 
there  are  numerous,  thin,  horizontal  layers  of  impure, 
dirty-white,  friable,  gypseous  and  calcareous  tuffs.  The 
gypseous  beds  are  very  remarkable,  from  abounding 
with,  so  as  sometimes  to  be  almost  composed  of,  irregu- 
lar concretions,  from  the  size  of  an  egg  to  that  of  a 
man's  head,  of  very  hard,  compact,  heavy  gypsum,  in 
the  form  of  anhydrite.  This  gypsum  contains  some 
foreign  particles  of  stone ;  it  is  stained,  judging  from 
its  action  with  borax,  with  iron,  and  it  exhales  a  strong 
aluminous  odoiu:.      The  surfaces  of  the  concretions  are 

*  'Voyaflfe,*  &c.  p.  102.  M.  d'Orbigny  found  this  deposit  inter- 
sected, in  many  pbices,  Ly  deep  ravines,  in  which  there  was  no  salt. 
Streams  must  once,  though  historically  unknown,  have  flowed  in  them  ; 
and  M.  d'Orbigny  argues  from  the  presence  of  undissolved  salt  over  tho 
whole  surrounding  country,  that  the  streams  must  hiive  arisen  from 
rain  or  snow  having  fallen,  not  in  the  adjoining  country,  but  on  the  now 
arid  Cordillera.  I  may  remark,  that  from  having  observed  ruins  of 
Indian  buildings  in  absolutely  sterile  parts  of  the  Chilian  Cordillera 
(•  Journal,'  2nd  edit.  p.  357 )«  I  am  led  to  believe  that  the  climate,  at  a 
time  when  Indian  man  inhabited  this  part  of  the  continent,  was  in 
some  slight  degree  more  humid  than  it  is  at  present. 
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marked  by  sharp,  radiating,  or  bifurcating  ri(Ig«s,  a»  if 
th^  had  been  (but  not  really)  corrodeiJ :  inbeniaU; 
the;  are  penetrated  by  branching  veins  (like  those  of 
calcareous  spar  In  the  septaria  of  the  London  clay)  of 
pure  white  anhydrite.  These  veins  might  naturally 
have  been  thought  to  have  been  formed  by  subsequent 
infiltration,  had  not  each  little  embedded  fragment  of 
rock  been  likewise  edged  in  a  very  remarkable  manner 
by  a  narrow  border  of  the  same  white  anhydrite :  this 
shows  that  the  veins  must  have  been  formed  by  a  pro- 
cess of  segregation,  and  not  of  infiltration.  Some  of 
the  little  included  and  cracked  fragments  of  foreign 
rock  are  penetrated  by  the  anhydrite,  and  portions  hav^  - 
evidently  been  thus  mechanically  displaced;  at  St^ 
Helena,  1  obsen'ed  that  calcareous  matter,  deposited  by 
rain-water,  also  had  the  power  to  separate  small  frag- 
ments of  rock  from  the  larger  masses.  1  believe  the 
superficial  gypseous  deposit  is  widely  estended :  I  re- 
ceived specimens  of  it  from  Pisagua,  forty  miles  north 
of  Iquique,  and  likewise  from  Arica,  where  It  coats  a 
layer  of  pure  salt.  M.  d'Orbigny  '  found  at  Cobija  a 
bed  of  clay,  lying  above  a  mass  of  upraised  recent  shells, 
which  was  saturated  with  sulphate  of  soda,  and  included 
thin  layers  of  fibrous  gypsum.  These  widely  extended, 
superficial,  beds  of  salt  and  gypsum,  appear  to  me  an 
interesting  geological  phenomenon,  which  could  be  pre- 
sented only  imder  a  very  dry  climate. 

The  plain  or  basin,  on  the  borders  of  which  the 
famous  bed  of  nitrate  of  soda  lies,  is  situated  at  a 
distance  of  about  thirty  miles  from  the  sea,  being  sepa- 
rated from  it  by  the  saliferous  district  just  described. 
It  stands  at  a  height  of  3,300  feet;  its  surface  is  level, 
and  some  leagues  in  width ;  it  extends  forty  miles 
northward,  and  has  a  total  length  (as  I  was  informed 
'  '  Voynge  Qeolog."  &c,  p.  Bo. 
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by  Mr.  Belford  Wilson,  the  Conaul-Greneral  at  Lima) 
of  420  miles.  In  a  well  near  the  works,  thirty-six 
yards  in  depth,  sand,  earth,  and  a  little  gravel  were 
found  :  in  another  well,  near  Almonte,  fifty  yards  deep, 
the  whole  consisted,  according  to  Mr.  Blake,*  of  clay, 
including  a  layer  of  sand  two  feet  thick,  which  rested 
on  fine  gravel,  and  this  on  coarse  gravel,  with  large 
rounded  fragments  of  rock.  In  many  parts  of  this  now 
utterly  desert  plain,  rushes  and  large  prostrate  trees  in 
a  hardened  state,  apparently  Mimosas,  are  found  buried, 
at  a  depth  from  three  to  six  feet ;  according  to  Mr. 
Blake,  they  have  all  fallen  to  the  south-west.  The  bed 
of  nitrate  of  soda  is  said  to  extend  for  forty  or  fifty 
leagues  along  the  western  margin  of  the  plain,  but  is 
not  found  in  its  central  parts :  it  is  from  two  to  three 
feet  in  thickness,  and  is  so  hard  that  it  is  generally 
blasted  with  gunpowder;  it  slopes  gently  upwards  from 
the  edge  of  the  plain  to  between  ten  and  thirty  feet 
above  its  level.  It  rests  on  sand  in  which,  it  is  said, 
vegetable  remains  and  broken  shells  have  been  found  ; 
shells  have  also  been  found,  according  to  Mr.  Blake, 
both  on  and  in  the  nitrate  of  soda.  It  is  covered  by 
a  superficial  mass  of  sand,  containing  nodules  of  common 
salt,  and,  as  I  was  assured  by  a  miner,  much  soft  gyp- 
seous matter,  precisely  like  that  in  the  superficial  crust 
already  described  :  certainly  this  ciiist,  with  its  charac- 
teristic concretions  of  anhydrite,  comes  close  down  to 
the  edge  of  the  plain. 

The  nitrate  of  soda  varies  in  purity  in  diflferent 
parts,  and  often  contains  nodules  of  common  salt. 
According  to  Mr.  Blake,  the  proportion  of  nitmte  of 
silver  varies  from  twenty  to  seventy-five  per  cent.     An 

*  See  an  admirable  paper,  'Geolog.  and  MisceU.  Notices  of  Tarapaca,' 
in  Sillioian's  *  American  Journal,  vol.  xliv.  p.  1. 
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aoalyBis  by  Mr.  A.  Hayes,  of  an  average  spedmen, 
gave— 

VitrmteofSoda 64-08 

Sulphate  of  Soda  ......  8*00 

Chloride  of  Soda  .       :       .       .       .       .  28-60 

Iodic  Salts 0-88 

Shells  and  ICeri 2*60 

00-00 

The  *  mother  water '  at  some  of  the  refineries  is  very 
rich  in  iodic  salts,  and  is  supposed  ^  to  contain  much 
muriate  of  lime.  In  an  unrefined  specimen  brought 
home  by  myself,  Mr.  T.  Beeks  has  ascertained  that  the 
muriate  of  lime  is  very  abundant.  With  respect  to  the 
origin  of  this  saline  mass,  from  the  manner  in  which 
the  gently  inclined,  compact  bed  follows  for  so  many 
miles  the  sinuous  margin  of  the  plain,  there  can  be  no 
doubt  that  it  was  deposited  from  a  slieet  of  water  :  from 
the  fragments  of  embedded  shells,  from  the  abundant 
iodic  salts,  from  the  superficial  saliferous  crust  occur- 
ring at  a  higher  level  and  being  probably  of  marine 
origin,  and  from  the  plain  resembling  in  form  those  of 
Chile  and  that  of  Uspallata,  there  can  be  little  doubt 
that  this  sheet  of  water  was,  at  least  originally,  con- 
nected with  the  sea.^ 

Thin^  auperjioial^  saline  Incimatationa.  —  These 
saline  incrustations  are  common  in  many  parts  of 
America :  Humboldt  met  with  them  on  the  table-land 


N 


»  'Literary  Oazette/  1841,  p.  475. 

'  From  an  official  document,  shown  me  by  Mr.  Belford  VVilson,  it 
appears  that  the  first  export  of  nitrate  of  soda  to  Europe  was  in  July 
1830,  on  French  account,  in  a  British  ship  : — 


Quintals. 

In  1 830,  the  entire  export  was  . 

.      17,300 

1831, 

.     40,885 

1832,            ,,           ,, 

.     51,400 

1833,             MM               •         " 

.     91,335 

1834,             >>           M               •         ' 

.  149,538 

The  Spanish  quintal  nearly  equals  100  Engli.sh  pounds. 
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of  Mexico,  and  the  Jesuit  Falkner  and  other  authors  * 
state  that  they  occur  at  intervals  over  the  vast  plains 
extending  from  the  mouth  of  the  Plata  to  Rioja  and 
Catamarca.  Hence  it  is  that  during  droughts,  most  of 
the  streams  in  the  Pampas  are  saline,  I  nowhere  met 
with  these  incrustations  so  abundantly  as  near  Bahia 
Blanca :  square  miles  of  the  mud-flats,  which  near  that 
place  are  raised  only  a  few  feet  above  the  sea,  just 
enough  to  protect  them  from  being  overflowed,  appear, 
after  dry  weather,  whiter  than  the  ground  after  the 
thickest  hoar-frost.  After  rain  the  salts  disappear,  and 
every  puddle  of  water  becomes  highly  saline ;  as  the 
surface  dries,  the  capillary  action  draws  the  moisture  up 
pieces  of  broken  earth,  dead  sticks,  and  tufts  of  gfrass, 
where  the  salt  effloresces.  The  incrustation,  where 
thickest,  does  not  exceed  a  quarter  of  an  inch.  M. 
Parchappe  *  has  analysed  it ;  and  finds  that  the  speci- 
mens collected  at  the  extreme  head  of  the  low  plain, 
near  the  R.  Manuelo,  consist  of  ninety-three  per  cent, 
of  sulphate  of  soda,  and  seven  of  common  salt ;  whilst 
the  specimens  taken  close  to  the  coast  contain  only 
sixty-three  per  cent,  of  the  sulphate  and  thirty-seven 
of  the  muriate  of  soda.  This  remarkable  fact,  together 
with  our  knowledge  that  the  whole  of  this  low  muddy 
plain  has  been  covered  by  the  sea  within  the  recent 
period,  must  lead  to  the  suspicion  that  the  common 
salt,  by  some  unknown  process,  becomes  in  time 
changed  into  the  sulphate.  Friable  calcareous  matter 
is  here  abundant,  and  the  case  of  the  apparent  double 
decomposition  of  the  shells  and  salt  on  S.  Lorenzo, 
should  not  be  forgotten. 

The  saline  incrustations,  near  Bahia  Blanca,  are  not 

'  Azara  {'TravelH,*  vol.  i,  p.  56)  considers  that  the  Parana  is  the 
eastern  boundary  of  the  saliferous  region  ;  but  I  heard  of  *  salitrales ' 
in  the  Province  of  Entre  Rios. 

*  M.  d'Orbigny's  '  Voyage,'  &c.  Part.  Hist.  torn.  i.  p.  664. 
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confin&d  to,  though  most  abundant  on,  the  low  muddy 
fiats ;  for  I  noticed  some  on  a  calcareous  plain  between 
thirty  and  forty  feet  above  the  sea,  and  even  a  little 
occurs  in  stitl  higher  valleys.  Low  alluvial  tracts  in 
the  valleys  of  the  rivers  Negro  and  Colorado  are  also 
encrusted,  and  in  the  latter  valley  such  spaces  appeared 
to  be  occasionally  overflowed  by  the  river.  I  observed 
saline  incrustations  iu  some  of  the  valleys  of  southern 
Patagonia.  At  Port  Desire  a  low,  flat,  muddy  valley 
was  thickly  incrusted  by  salts,  which  on  analysis  by 
Mr.  T.  Reeks,  are  found  to  consist  of  a  mixture  of  sul- 
phate and  muriate  of  soda,  with  carbonate  of  lime  and 
earthy  matter.  On  the  western  side  of  the  continent, 
the  southern  coasts  are  much  too  humid  for  this  phe- 
nonicuon;  but  in  northern  Cliile  I  ayain  met  with 
similar  incrustations.  On  the  hardened  mud,  in  parts 
o£  the  broad,  flat-bottomed  valley  of  Copiapo,  the  aaline 
matter  incmsts  the  ground  to  the  thickness  of  some 
inches :  specimens,  sent  by  Mr.  Bingley  to  Apothe- 
caries' Hall  for  analysis,  were  said  to  consist  of  car- 
bonateand  sulphate  of  soda.  Much  sulphate  of  soda  is 
found  in  tbe  desert  of  Atacama.  In  all  parts  of  S. 
America,  tbe  saline  incrustations  occur  most  frequently 
on  low  damp  surfaces  of  mud,  where  the  climate  is 
rather  dry ;  and  these  low  surfaces  have,  in  almost 
every  case,  been  upraised  above  the  level  of  the  sea, 
within  the  recent  period. 

Salt-lakes  of  Patagonia  aiid  La  Plata. — Salinas, 
or  natural  salt-lakes,  occur  in  various  formations  on  the 
eastern  side  of  the  continent, — in  the  argil  lac eo-calca- 
reous  deposit  of  the  Pampas,  in  the  sandstone  of  the 
Rio  Negro,  where  they  are  very  numerous,  in  the  pumi- 
ceous  and  other  beds  of  the  Pafagonian  tertiary  fonna- 
tion,  and  in  small  primary  districts  in  the  midst  of  this 
latt«r  formation.     Port  S.  .Julian  is  tbe  most  southerly 
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point  (lat.  49**  to  50°),  at  which  salinas  are  known  to 
occur.*  The  depressions,  in  which  these  salt-lakes  lie, 
are  from  a  few  feet  to  sixty  metres,  as  asserted  by 
M.  d'Orbigny,*  below  the  surface  of  the  surrounding 
plains ;  and,  according  to  this  same  author,  near  the 
Bio  Negro  they  all  trend,  either  in  the  NE.  and  SW. 
or  in  E.  and  W.  lines,  coincident  with  the  general  slope 
of  the  plain.  These  depressions  in  the  plain  generally 
have  one  side  lower  than  the  others,  but  there  are  no 
outlets  for  drainage.  Under  a  less  dry  climate,  an 
outlet  would  soon  have  been  formed,  and  the  salt 
washed  away.  The  salinas  occur  at  different  elevations 
above  the  sea ;  they  are  often  several  leagues  in  dia- 
meter ;  they  are  generally  very  shallow,  but  there  is  a 
deep  one  in  a  quartz-rock  formation  near  C.  Blanco.  In 
the  wet  season,  the  whole,  or  a  part,  of  the  salt  is  dis- 
solved, being  redeposited  during  the  succeeding  dry 
season.  At  this  period  the  appearance  of  the  snow- 
white  expanse  of  salt  crystallised  in  great  cubes,  is  very 
striking.  In  a  large  salina,  northward  of  the  Rio  Negro, 
the  salt  at  the  bottom,  during  the  whole  year,  is  between 
two  and  three  feet  in  thickness. 

The  salt  rests  almost  always  on  a  thick  bed  of  black 
muddy  sand,  which  is  fetid^  probably  from  the  decay 
of  the  burrowing  worms  inhabiting  it.'  In  a  salina, 
situated  about  fifteen  miles  above  the  town  of  El  Car- 
men on  the  Rio  Negro,  and  three  or  four  miles  from 
the  banks  of  that  river,  I  observed  that  this  black  mud 
rested  on  gravel  with  a  calcareous  matrix,  similar  to 
that  spread  over  the  whole  surrounding  plains :  at  Port 

*  According  to  Az;ira  ('Travels/  vol.  i.  p.  56)  there  are  salt  lakes  as 
far  north  as  Chaco  (lat.  25°),  on  the  banks  of  the  Vermejo.  The  salt 
lakes  of  Siberia  appear  (Pallas's  *  Travels,'  English  Trans,  vol.  i.  p.  284) 
to  occur  in  very  wmilar  depressions  to  those  of  Patagonia. 

'  '  Voyaee  Geolog,'  p.  63. 

•  Prof.  Ehrenberg  examined  some  of  this  muddj  sand,  but  vas 
unable  to  find  in  it  anj  infusoria. 
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St.  Julian  the  mud,  also,  rested  on  the  gravel :  hence 
the  depresaiona  must  have  been  formed  anteriorly  to, 
or  contemporaneously  with,  the  spreading  out  of  the 
gravel.  I  was  iofomied  that  oue  small  Balina  occurs  in 
an  alluvial  plain  within  the  valley  of  the  Rio  Negro, 
and  therefore  its  origin  must  be  Btibsequent  to  the  exca- 
T&tiw  4^  th»t  rallejr.  Wfaoi  I  viasted  tha  mlina,  fiftew 
nrites  above  the  town,  the  ialt  was  beginning  to  eijitalv 
lise,  and  on  tbe  mtidd;  bottom  there  were  lying  vms^ 
orystals,  graerally  plaped  oroBs-wsys  of  sutpbate  of  wda 
(rb  ascertained  by  Mr.  Reeks),  andembedded  in  the  SH^ 
numerooi  esystalB  of  sulphate  of  lime,  from  one  t»  thw* 
inohes  in  luigth :  M.  d'Orbigny  '  states  tliat  Kia»  of 
these  oxTstals  are  acioular  and  more  than  evHfc  nine 
inches  in  length ;  others  are  macled  and  of  great  purity : 
those  I  found  all  contained  some  sand  in  their  centres. 
As  the  black  and  fetid  sand  overlies  the  gravel,  and 
that  overlies  the  r^ular  tertiary  strata,  I  think  there 
can  be  no  doubt  that  these  remarkable  crystals  of  sul- 
phate of  lime'have  been  deposited  from  the  waters  of 
the  lake.  The  inhabitants  call  the  crystals  of  selenite, 
the  padre  del  sal,  and  those  of  the  sulphate  of  soda, 
the  madre  del  sal ;  they  assured  me  that  both  are  found  - 
under  the  same  circumstances  in  several  of  the  neigb- 
bouj'ing  Salinas ;  and  that  the  sulphate  of  soda  is  an- 
nually dissolved,  and  is  always  crystallised  before  the 
common  salt  on  the  muddy  bottom,*  The  association 
of  gypsum  and  salt  in  this  case,  as  well  as  in  the  super- 
ficial depoaita  of  Iquique,  appears  to  me  interesting, 
considering  how  generally  these  substances  are  associated 
in  the  older  Etratified  formations. 


'  Tbia  is  wlmt  might  have  been  eipeetecl ;  for  M,  BnUard  nssprta 
('Acad,  des  Scionces,'  Oct.  7.  1844)  chat  sulphate  of  soda  is  precipitated 
from  solution  more  readily  from  water  containing  muriate  of  floda  in 
•icess.  than  from  pure  valer. 
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Mr.  Beeks  has  analysed  for  me  some  of  the  salt 
from  the  salina  near  the  Bio  Negro,  he  finds  it  com- 
posed entirely  of  chloride  of  sodium,  with  the  exception 
of  0*26  of  sulphate  of  lime  and  of  0*22  of  earthy  matter: 
there  are  no  traces  of  iodic  salts.  Some  salts  from  the 
salina  Chiquitos  in  the  Pampean  formation,  is  equally 
pure.  It  is  a  singular  fact,  that  the  salt  from  these 
Salinas  does  not  serve  so  well  for  preserving  meat,  as 
sea-salt  from  the  Cape  de  Verde  Islands ;  and  a  mer- 
chant at  Buenos  Ayres  told  me  that  he  considered  it  as 
fifty  per  cent,  less  valuable.  The  purity  of  the  Pata- 
gonian  salt,  or  absence  from  it  of  those  other  saline 
bodies  found  in  all  sea-water,  is  the  only  assignable 
cause  for  this  inferiority ;  a  conclusion  which  is  sup- 
ported by  the  fact  lately  ascertained,^  that  those  salts 
answer  best  for  preserving  cheese  which  contain  most  of 
the  deliquescent  chlorides.^ 

With  respect  to  the  origin  of  the  salt  in  the  salinas, 
the  foregoing  analysis  seems  opposed  to  the  view  enter- 
tained by  M.  d'Orbigny  and  others,  and  which  seems 
so  probable  considering  the  recent  elevation  of  this  line 
of  coast,  namely,  that  it  is  due  to  the  evaporation  of 
sea-water  and  to  the  drainage  from  the  surrounding 
strata  impregnated  with  sea-salt.  I  was  informed  (I 
know  not  whether  accurately)  that  on  the  northern  side 
of  the  salina  on  the  Bio  Negro,  there  is  a  small  brine 
spring  which  flows  at  all  times  of  the  year  :  if  this  be 
so,  the  salt  in  this  case  at  least,  probably  is  of  subter- 
ranean  origin.     It  at  first  appears  very  singular  that 

'  *  Hort.  and  Aj^rieult.  Gazette/  1845,  p.  93. 

*  It  would  probably  well  answer  for  the  merchants  of  Buenos  Ayres 
(consideiing  t^he  prcat  consumption  there  of  salt  for  preserving  meat) 
to  import  the  deliquescent  chlorides  to  mix  with  the  salt  from  the 
s<'ilinas  :  I  may  call  attention  to  the  fact,  that  at  Iquique,  a  large 
quantity  of  muriate  of  lime,  left  in  the  motJicr-water  during  the  refine- 
ment of  the  nitrate  of  so.la,  is  annually  thrown  away. 
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fresh-water  can  often  be  procured  in  wells,'  and  is  Bome- 
times  found  in  small  lakes,  quite  close  to  these  salioaa. 
I  am  not  aware  that  this  fact  bears  particularly  on  the 
origin  of  the  salt ;  but  perhaps  it  is  rather  opposed  to 
the  view  of  the  salt  having  been  washed  out  of  the 
Burrounding  Biiperfieial  rtrat;i,  but  not  to  it.a  having 
been  the  residue  of  sea-water,  left  in  depressions  as  the 
land  waa  slowly  elevated. 

1  Sir  W.  Piirish  sfntt-a  ('  Buenrw  Xjtfa.'  ftc.  jip.  122  nn^  1701  thul 
this  u  the  miae  uvtir  the  grent  mlina*  mct^-nrO  af  the  8.  VentiUiK.  I 
iMve  Been  RimiUr  BtatemetitB  in  nn  Hnrient  MS.  Jounuil  Utel;  poblUbod 
by  f ,  Angalid.  At  Iquiqno.  wliPfo  ihe  surface  is  ta  thickly  iiiPrilBtcd 
with  wlino  matter.  I  (asted  ttiiWt  onlj  Blightly  brncfci^h,  pKK^u^«l  tn  ft 
Kdltiiirt^Eii}Nir(lsdMp:  bat  here  one /ecUlesn-nrpriwat  its prrosnce, 
Ml  pure  *»tor  might,  percolnle  undiT  grauml  fp^ni  the  not  very  ilintnnt 
Cnrdiller*. 
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CHAPTER  XL 

ON  THE  FORMATIONS  OF  THE  PAMPAS.  • 

Mineralogical  constitution — Microscopical  structure — Buenos  Ayr es,  shells 
embedded  in  tosca-rock — Buenos  Ayres  to  the  Colorado — S.  Vtntana — 
Bahia  Blanca  ;  M,  KermosOy  bones  and  infusoria  of\  P.  Alta,  shells 
bones  and  infusoria  of ;  co-existence  of  the  recent  shells  and  extinct  mam- 
mifers — Buenos  Ayres  to  Si.  Fe — Skeletons  of  Mastodon — Infusoria 
— Inferior  marine  tertiary  strata^  their  aye — Horse's  tooth,  Banda 
Oribntal — Superficial  Pampean  formation — Inferior  tertiary  strata, 
variation  of  connected  unth  volcanic  action  ;  Macrauchenia  Pata- 
chonica  at  S.  Julian  in  Pafayonia,  aye  of  subsequent  to  living  molhifca 
and  to  the  erratic  block  period.  Sumhart — Area  of  Pampean  formation 
— Theories  of  origin — Source  of  sediment — Estuary  origin — Contem- 
poraneous with  existing  mollusca — Relations  to  underlying  tertiary 
strata — Ancient  deposit  of  estuary  origin — Eltvation  and  successive 
deposition  of  the  Pampean  formation — Number  and  state  of  the 
ri  mains  of  mammifers  ;  their  habitation,  food,  extinction^  and  range — 
Conclusion — Localities  in  Pampas  at  which  mammiferous  retnainshave 
been  found. 

The  Pampean  formation  is  highly  interesting  from  its 
vast  extent,  its  disputed  origin,  and  from  the  number 
of  extinct  gigantic  mammifers  embedded  in  it.  It  has 
upon  the  whole  a  very  imiform  character  :  consisting  of 
a  more  or  less  dull  reddish,  slightly  indurated,  argil- 
laceous earth  or  mud,  often,  but  not  always,  including 
in  horizontal  lines  concretions  of  marl,  and  frequently 
passing  into  a  compact  marly  rock.  The  mud,  where- 
ever  I  examined  it,  even  close  to  the  concretions,  did 
not  contain  any  carbonate  of  lime.  The  concretions  are 
generally  nodular,  sometimes  rough  externally,  some- 
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timw  etalactiformed ;  they  are  of  ii  compact  structure, 
but  often  penetrated  (as  well  as  the  mud)  by  hair-like 
serpentine  ca\ities,  and  occasion  ally  with  irregular 
fissures  in  their  centres,  lined  with  minute  crystalfi  of 
carliouate  of  lime;  they  are  of  white,  hrown,  or  pale 
pinkish  tints,  often  marked  by  black  dendritic  man- 
jraneae  or  iron  ;  they  are  either  darker  or  lighter  tinted 
thun  the  surrounding  mass  ;  they  contain  much  car- 
bonate of  lime,  but  exhale  a  strong  aluminious  odour, 
and  leave,  when  dissolved  in  acids,  a  large  but  vnrving 
residue,  of  which  the  greater  part  eonsistB  of  mnd. 
These  concretions  often  unite  into  irregular  strnta ;  and 
over  vpry  large  tracts  of  country,  tlie  entire  mass  consists 
of  a  hard,  but  {jeuerally  caveraoiis  marly  rock :  some 
of  the  varieties  might  be  called  calcareous  tuSa. 

Dr.  Carpenter  has  kindly  examined  under  the  mi- 
croscope, sliced  and  polished  specimens  of  these  concre- 
tions, and  of  the  solid  marl-rock,  collected  in  various 
p^ces  between  the  Colorado  and  St.  Fe  Bajada.  In 
the  greater  number.  Dr.  Carpenter  finds  that  the  whole 
substance  presents  a  tolerably  uniform  amorphous  char- 
acter, but  with  traces  of  incipient  crystalline  meta- 
morphosis ;  in  other  specimens  he  finds  microscopically 
minute  rounded  concretions  of  an  amorphous  substance 
(resembling  in  size  those  in  oolitic  rocks,  but  not  having 
a  concentric  structure),  united  by  a  cement  which  is 
often  crystalline.  In  some,  Dr.  Carpenter  can  perceive 
distinct  traces  of  shells,  corals,  Polythalamia,  and  rarely 
of  spongoid  bodies.  For  the  sake  of  comparison,  I  sent 
Dr.  Carpenter  specimens  of  the  calcareous  rock,  formed 
chiefly  of  fragments  of  recent  shells,  from  Coquimbo  in 
Chile :  in  one  of  these  specimens,  Dr.  Carpenter  finds, 
besides  the  larger  fragments,  microscopical  particles  of 
shells,  and  a  varying  quantity  of  opaque  amorphous 
matter;  in  another  specimen  from  the  same  bed,  he 
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finds  the  whole  composed  of  the  amorphous  matter, 
with  layers  showing  indications  of  an  incipient  crystal- 
line metamorphosis :  hence  these  latter  specimens,  both 
in  external  appearance  and  in  microscopical  structiire, 
closely  resemble  those  of  the  Pampas.  Dr.  Carpenter 
informs  me  that  it  is  well  known  that  chemical  preci- 
pitation throws  down  carbonate  of  lime  in  the  opaque 
amorphous  state  ;  and  he  is  inclined  to  believe  that  the 
long^-continued  attrition  of  a  calcareous  body  in  a  state 
of  crystalline  or  semi-crystalline  aggregation  (as,  for 
instance,  in  the  ordinary  shells  of  MoUusca,  which, 
when  sliced,  are  transparent)  may  yield  the  same  result. 
From  the  intimate  relation  between  all  the  Coquimbo 
specimens,  I  can  hardly  doubt  that  the  amorphous 
carbonate  of  lime  in  them  has  resulted  from  the  attri- 
tion and  decay  of  the  larger  fragments  of  shell :  whether 
the  amorphous  matter  in  the  marly  rocks  of  the  Pampas 
has  likewise  thus  originated,  it  would  be  hazardous  to 
conjecture. 

For  convenience  sake,  I  will  call  the  marly  rock  by 
the  name  given  to  it  by  the  inhabitants,  namely,  Tosca- 
rock;  and  the  reddiiih  argillaceous  earth,  Pampean 
mud.  This  latter  substance,  I  may  mention,  has  been 
examined  for  me  by  Professor  Ehrenberg,  and  the 
result  of  his  examination  will  be  given  under  the  proper 
localities. 

I  will  commence  my  descriptions  at  a  central  spot, 
namely,  at  Buenos  Ayres,  and  thence  proceed  first  south- 
ward to  the  extreme  limit  of  the  deposit,  and  afterwards 
northward.  The  plain  on  which  Buenos  Ayres  stands 
is  from  thirty  to  forty  feet  in  height.  The  Pampean 
mud  is  here  of  a  rather  pale  colour,  and  includes  small 
nearly  white  nodules,  and  other  irregular  strata  of  an 
imusually  arenaceous  variety  of  tosca-rock.  In  a  well  at 
the  depth  of  seventy  feet,  according  to  Ignatio  Nunez, 
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iniicb  tosca-rock  was  met  wjtii,  and  at  several  points, 
at  100  feet  deep,  beds  of  sand  have  been  found.  I  have 
already  given  a  list  of  the  recent  mariae  and  estiiaiy 
shells  found  in  many  parts  on  the  siii-face  near  Buenos 
Ayres,  as  far  as  three  and  four  leagues  from  the  Plata. 
Specimens  from  near  Ensenada,  given  me  by  Sir  W. 
Parish,  where  the  rock  is  quarried  just  beneath  the 
surface  of  the  plain,  consist  of  broken  bivalves,  cemented 
by  and  converted  into,  white  crystalline  carbonate  of 
lime,  I  have  already  alluded,  in  the  first  chapter,  to 
a  specimen  {also  g;iven  me  by  Sir  W.  Parish)  from  the 
A.  del  Tristan,  in  which  shells,  resembling  in  every 
respect  the  Azara  labinta,  d'Orbig.,  as  far  as  their 
worn  condition  permits  of  comparison,  are  embedded  in 
a  reddish,  softish,  somewhat  arenaceous  marly  rock : 
after  carefid  comparison,  with  the  aid  of  a  microscope 
and  acids,  I  can  perceive  no  difference  between  the 
basis  of  this  rock  and  the  specimens  collected  by  me 
in  many  parts  of  the  Pampas.  I  have  also  stated,  on 
the  authority  of  Sir  W,  Parisih,  that  northward  of 
Buenos  Ayres;  on  the  highest,  parts  of  the  plain,  about 
forty  feet  above  the  Plata,  and  two  or  three  miles  from 
it,  numerous  shells  of  the  Azani.  Uihiata  (and  I  believe 
of  Veniis  fli'mtos'i")  occur  embedded  in  a  stratified 
earthy  mass,  including  small  marly  concretions  and  said 
to  be  precisely  like  the  great  Pampean  deposit.  Hence 
we  may  conclude  that  the  mud  of  the  Pampas  continued 
to  be  deposited  to  within  the  period  of  this  existing 
estuary  shell.  Although  this  formation  is  of  such 
immense  extent,  I  know  of  no  other  instance  of  the 
presence  of  shells  in  it. 

Buenos  Aj/res  to  the  Rio  Colorado. — With  the 
exception  of  a  few  metamorphic  ridges,  the  country 
between  these  two  points,  a  distance  of  400  geographical 
miles,  belongs  to  the  Pampean  formation,  and  in  the 
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southern  part  is  generally  formed  of  the  harder  and 
more  calcareous  varieties.  I  will  briefly  describe  my 
route:  about  twenty- five  miles  SSW.  of  the  capital, 
in  a  well  forty  yards  in  depth,  the  upper  part,  and,  as  I 
was  assured,  the  entire  thickness,  was  formed  of  dark 
red  Pampean  mud  without  concretions.  North  of  the 
H.  Salado,  there  are  many  lakes ;  and  on  the  banks  of 
one  (near  the  Guardia)  there  was  a  little  cliflf  similarly 
composed,  but  including  many  nodular  and  stalactiform 
concretions :  I  found  here  a  large  piece  of  tesselated 
armour,  like  that  of  tlie  Glyptodon,  and  many  fragments 
of  bones.  The  cliffs  on  the  Salado  consist  of  pale- 
coloured  Pampean  mud,  including  and  passing  into 
great  masses  of  tosca-rock:  here  a  skeleton  of  the 
Megatherium  and  the  bones  of  other  extinct  quadrupeds 
(see  the  list  at  the  end  of  this  chapter)  were  found. 
Large  quantities  of  crystallized  gypsum  (of  which 
specimens  were  given  me)  occur  in  the  cliffs  of  this 
river  ;  and  likewise  (as  I  was  assured  by  Mr.  Lumb)  in 
the  Pampean  mud  on  the  E.  Chuelo,  seven  leagues 
from  Buenos  Ayres  :  I  mention  this  because  M.  d'Or- 
bigny  lays  some  stress  on  the  supposed  absence  of  this 
mineral  in  the  Pampean  formation. 

Southward  of  the  Salado  the  country  is  low  and 
swampy,  with  tosca-rock  appearing  at  long  intervals  at 
the  surface.  On  the  banks,  however,  of  the  Tapalguen 
(sixty  miles  south  of  the  Salado)  there  is  a  large  extent 
of  tosca-rock,  some  highly  compact  and  even  semi- 
crystalline,  overlying  pale  Pampean  mud  with  the  usual 
concretions.  Thirty  miles  further  south,  the  small 
quartz-ridge  of  Tapalguen  is  fringed  on  its  northern 
and  southern  flank,  by  little,  narrow,  flat-topped  hills 
of  tosca-rock,  which  stand  higher  than  the  surrounding 
plain.  Between  this  ridge  and  the  Sierra  of  Guitru- 
gueyu,  a  distance  of  sixty  miles,  the  country  is  swampy. 
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with  tbe  tosca-iock  appeariiig  only  in  tbiir  or  five  spots : 
this  sierra,  precisely  like  tliat  of  Tapalgiien,  is  bordered 
by  horizontal,  often  cliff- bounded,  little  hills  of  tx)sca- 
rock,  higher  than  the  surrounding  plain.  Here,  also, 
a  new  appearance  \sTia  presented  in  some  extensive  and 
levnl  banks  of  alluvium  or  detritus  of  the  neighbouring 
mcfamoi-phip  rncks  ;  but  I  ne>;lected  to  oli^^rve  wliether 
it  waa  stratified  or  not.  Between  Gtiitrn-gueyri  antf 
tiie  Siem  Veiitaii&,  I  croBsed  a  dry  plain  of  toBCft'4Ddt' 
higher  than  the  country  hitherto  passed  over,  and  with' 
small  jneces  of  denuded  table-land  of  the  same  fittnot^ 
tlon,  standing  still  higher.     ■    '  '' 

The  marly  or  oalcareoas  beds  not  only  come  yxf' 
nearly  horizontally  to  the  northern  and  southern  fecA 
of  the  great  qiiartzose  mountains  of  the  Sierra  VeDtaoa, 
but  interfold  between  the  parallel  ranges.  The  super- 
ficial beds  (for  I  nowhere  obtained  sections  more  than 
twenty  feet  deep)  retain,  even  close  to  the  mountains, 
their  usual  character:  the  uppermost  layer,  however, 
in  one  place  included  pebbles  of  quartz,  and  rested  on 
a  mass  of  detritus  of  the  same  rock.  At  the  very  foot 
of  the  mountains,  there  were  some  few  piles  of  quartz 
and  tosca-rock  detritus,  including  land-shells;  but  at 
the  distance  of  only  half  a.  mile  from  these  lofty,  jagged, 
and  battered  mountains,  I  could  not,  to  my  gi-eat  sur- 
prise, find  on  the  boundless  surface  of  the  calcareous 
plain  even  a  single  pebble.  Quartz-pebbles,  however, 
of  considerable  size  have  at  some  period  been  trans- 
sport«d  to  a  distance  of  between  forty  and  fifty  miles  to 
the  shores  of  Bahia  Blanca.' 

The  highest  peak  of  the  S.  Ventana  is,  Iiy  Captain 
FitzRoy's  measurement,  3,340  feet,  and  the  calcareous 
plain  at    its  foot  (from    observations  taken   by  some 

>  Schmidtmeyer  ('Travels  in  Chile,'  p.  150)  ptates  that  he  Srst 
noticed  on  the  Piiinpns.  rery  stnall  bits  of  red  grflnit?,  when  fifty  miles 
distant  from  the  nuaCliern  citremity  of  the  mountains  of  Cardan, 
vbirh  project  od  the  plain,  tike  >  reef  into  tbe  bss. 
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Spanish  oflSciers ")  840  feet  above  the  sea-level.  On  the 
flanks  of  the  mountains,  at  a  height  of  300  or  400  feet 
above  the  plain,  there  were  a  few  small  patches  of  con- 
glomerate and  breccia,  firmly  cemented  by  ferruginous 
matter  to  the  abrupt  and  battered  face  of  the  quartz — 
traces  being  thus  exhibited  of  ancient  sea-action.  The 
high  plain  round  this  range  sinks  quite  insensibly  to 
the  eye  on  all  sides,  except  to  the  north,  where  its 
surface  is  broken  into  low  cliffs.  Round  the  Sierras 
Tapalguen,  Guitru-gueyu,  and  between  the  latter 
and  the  Ventana  we  have  seen  (and  shall  hereafter 
see  round  some  hills  in  Banda  Oriental),  that  the 
tosca-rock  forms  low,  fiat-topped,  cliff-bounded  hills, 
higher  than  the  surrounding  plains  of  similar  compo- 
sition. From  the  horizontal  stratification  and  from 
the  appearance  of  the  broken  cliffs,  the  greater  height 
of  the  Pampean  formation  round  these  primary  hills 
ought  not  to  be  altogether  or  in  chief  part  attributed 
to  these  several  points  having  been  uplifted  more  ener- 
getically than  the  siurounding  country,  but  to  the 
argillaceo-calcareous  mud  having  collected  round  them, 
when  they  existed  as  islets  or  submarine  rocks,  at  a 
greater  height,  than  at  the  bottom  of  the  adjoining 
open  .sea  ; —  the  clififs  having  been  subsequently  worn 
during  the  elevation  of  the  whole  country  in  mass. 

Southward  of  the  Ventana,  the  plain  extends  farther 
than  the  eye  can  range ;  its  surface  is  not  very  level, 
having  slight  depressions  with  no  drainage  exits  ;  it  is 
generally  covered  by  a  few .  feet  in  thickness  of  sandy 
earth  ;  and  in  some  places,  according  to  M.  Parchappe,' 
by  beds  of  clay  two  yards  thick.  On  the  banks  of  the 
Sauce,  four  leagues  SE.  of  the  Ventana,  there  is  an  im- 
perfect section  about  200  feet  in  height,  displaying  in 
the  upper  part  tosca-rock  and  in  the  lower  part  red 

'  •  La  Platii/  &c.  by  Sir  W.  Parish,  p.  146. 

«  M.  d'Orbigny,  •  Voyage,  Part.  Gtolog.'  pp.  47,  48. 
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Pampean  mud.     At  the  settlement  of  Bahia  Blanca, 
the  uppermost  plain  is  composed  of  very  compact, 
stratified  toeea-rook,  containing   rounded    grains   of 
quarts  distinguishable  by   the  naked  eye:  the  low^ 
plain,  on  which  the  Fortress  stands,  is  described  by 
M.  Parchappe^  ascomposed  of  solid  tosca^rock;  but  the 
sections  which  I  examined  appeared  more  like  a  re- 
deposited  mass  of  this  reck,  with  small  pebbles  and  firag- 
ments  of  quartz.    I  diall  immediately  return  to  the 
important  sections  on'  the  shores  of  Bahia   Blanoa. 
Twenty  miles  southward  of  this  place,  there  is  a  re- 
markable ridge  extending  W.  by  N.  and  E.  by  S., 
formed  of  small,  separate,  flat  topped,  steep-sided  hills, 
rising  between  100  and  200  feet  above  the  Pampean 
plain  at  its  southern  base,  which  plain  is  a  little  lower 
than  that  to  the  north.    The  uppermost  stratum  in 
this  ridge  consists  of  pale,  highly  calcareous,  compact 
tosca-rock,  resting  (as  seen  in  one  place)  on  reddish 
Pampean  mud,  and  this  again  on  a  paler  kind :  at  the 
foot  of  the  ridge,  there  is  a  well  in  reddish  clay  or 
mud.     I  have  seen  no  other  instance  of  a  chain  of  hills 
belonging  to    the  Pampean  formation;   and    as  the 
strata  show  no  signs  of  disturbance,  and  as  the  direc- 
tion of  the  ridge  is  the  same  with  that  common  to  all 
the  metamorphic  lines  in  this  whole  area,  I  suspect 
that  the  Pampean  sediment  lias  in  this  instance  been 
accumulated  on  and  over  a  ridge  of  hard  rocks,  instead 
of,  as  in  the  case  of  the  above-mentioned  Sierras,  round 
their  submarine  flanks.     South  of  this  little  chain  of 
*    tosca-rock,  a  plain  of  Pampean  mud  declines  towards 
the  banks  of  the  Colorado  :  in  the  middle  a  well  has  been 
.dug  in  red  Pampean  mud,  covered  by  two  feet  of  white 
Boftish,  highly  calcareous  tosca-rock,  over  which  lies  sand 
witli  small  pebbles  three  feet  in  thickness — the  first 
appearance  of  that  vast  shingle  formation  described  in 

»  M.  d'Orbigny,  *  Voyage,  Part.  Giolog/  pp.  47,  48. 
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the  eighth  chapter.  In  the  first  section  after  crossing 
the  Colorado,  an  old  tertiary  formation,  namely,  the  Rio 
Negro  sandstone  (to  be  described  in  the  next  chapter),  is 
met  with :  but  from  the  accounts  given  me  by  the  Grau- 
chos,  I  believe  that  at  the  mouth  of  the  Colorado  the 
Pampean  formation  extends  a  little  farther  southwards. 
Bahia  Blanca. — To  return  to  the  shores  of  this 
bay.  At  Monte  Hermoso  there  is  a  good  section, 
about  100  feet  in  height,  of  four  distinct  strata,  appear- 
ing to  the  eye  horizontal,  but  thickening  a  little 
towards  the  NW.  The  uppermost  bed,  about  twenty 
feet  in  thickness,  consists  of  obliquely  laminated,  soft 
sandstone,  including  many  pebbles  of  quartz,  and  fall- 
ing at  the  siurface  into  loose  sand.  The  second  bed,  only 
six  inches  thick,  is  a  hard,  dark-coloured  sandstone. 
The  third  bed  is  pale-coloured  Pampean  mud ;  and 
the  fourth  is  of  the  same  nature,  but  darker  coloured, 
including  in  its  lower  part  horizontal  layers  and  lines 
of  concretions  of  not  very  compact  pinkish  tosca-rock. 
The  bottom  of  the  sea,  I  may  remark,  to  a  distance  of 
several  miles  from  the  shore,  and  to  a  depth  of  between 
sixty  and  one  hundred  feet,  was  foimd  by  the  anchors 
to  be  composed  of  tosca-rock  and  reddish  Pampean 
mud.  Professor  Ebrenberg  has  examined  for  me  speci- 
mens of  the  two  lower  beds,  and  finds  in  them  three 
Polygastrica  and  six  Phytolitharia.*  Of  these,  only 
one  {Spongolithu  Fttstia  ?)  is  a  marine  form ;  five  of 
them  are   identical  with   microscopical  structm-es,  of 

*  The  following  list  is  given  in  the  *  Monatsberichten  der  konig. 
Akad.  zu  Berlin/  April  1845 : — 

POLTOASTRIC/L 

Fraerilaria  rhaMosoma.         I  Pinnularia  ? 

Gallionella  distans.  | 

PHYTOLrrHABIA. 


Lithodontium  Bursa. 

„  furcatum. 

Lithostylidium  exesum. 


Lithostylidium  rude. 
„  Sorra. 

Spongolithis  Fustis  ? 


( 
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brackish-water  origin,  hereafter  to  be  mentioned,  form 
a  central  point  in  the  Pampean  formation.  In  these 
two  beds,  especially  in  the  lower  one,  bones  of  extinct 
mammifers,  some  embedded  in  their  proper  relative 
positions  and  others  single,  are  very  numerous  in  a  small 
extent  of  the  cliffs.  These  remains  consist  of,  first, 
the  head  of  Cterumiys  cmtiquus,  allied  to  the  living 
C.  Braailienais ;  secondly,  a  fragment  of  the  remains 
of  a  rodent ;  thirdly,  molar  teeth  and  other  boiies  of  a 
large  rodent,  closely  allied  to^  but  distinct  from,  the 
existing  species  of  Hydrochoenis,  and  therefore  probably 
an  inhabitant  of  fresh  water;  fourth  and  fifthly,  portions 
of  vertebrae,  limbs,  ribs,  and  other  bones  of  two  rodents ; 
sixthly,  bones  of  the  extremities  of  some  great  mega- 
theroid  quadruped.*  The  number  of  the  remains  of 
rodents  gives  to  this  collection  a  peculiar  character, 
compared  with  those  found  in  any  other  locality.  All 
these  lx)nes  are  compact  and  heavy  ;  many  of  them  are 
stained  red,  with  their  surfaces  polished  ;  some  of  the 
smaller  ones  are  as  black  as  jet. 

Monte  Hermoso  is  between  fiftv  and  sixtv  miles' 
distant  in  a  8E.  line  fiom  the  Ventana,  with  the  inter- 
mediate country  gently  rising  towards  it,  and  all  con- 
sisting of  the  Pampean  formation.  What  relation, 
then,  do  these  beds,  at  the  level  of  the  sea  and  under 
it,  bear  to  those  on  the  flanks  of  the  Ventana,  at  the 
height  of  840  feet,  and  on  the  flanks  of  the  other 
neighlx)uring  sierras,  which,  from  the  reasons  already 
assigned,  do  not  appear  to  owe  their  gi*eater  height  to 
imequal  elevation  ?  When  the  tosca-rock  was  accumu- 
lating round  the  Ventana,  and  when,  with  the  exception 
of  a  few  small  rugged  primary  islands,   the  whole  wide 

'  i'^ce  •  Fossil  Mammalia.'  (p.  ]  09).  bv  Professor  Owen,  in  the  '  ZofAo^y 
of  the  Vovacre  of  the  Beagle : '  and  Catalogue  (p.  36)  of  '  iWil 
Eemiins  in  3IuBeuin  of  Royal  College  of  Surgeons.' 


cHA^.  n.  Bahia  Blafua.  323.. 

sorroundiDg  plains  must  have  been  under  water,  were 
the  strata  at  Monte  Hermoso  depositing  at  the  bottom 
of  a  great  open  sea,  between  800  and  1,000  feet  in 
depth  ?  I  much  doubt  this ;  for  if  so,  the  almost  per- 
fect carcasses  of  the  several  small  rodents,  the  remains 
of  which  are  so  very  numerous  in  so  limited  a  space, 
must  have  been  drifted  to  this  spot  from  the  distance 
of  many  hundred  miles.  It  appears  to  me  far  more 
probable,  that  during  the  Pampean  period  this  whole 
area  had  commenced  slowly  rising  (and  in  the  cliffs,  at 
several  different  heights,  we  have  proofs  of  the  land 
having  been  exposed  to  sea-action  at  several  levels),  and 
that  tracts  of  land  had  thus  been  formed  of  Pampean 
sediment  round  the  Ventana  and  the  other  primary 
ranges,  on  which  the  several  rodents  and  other  quadru- 
peds lived,  and  that  a  stream  (in  which  perhaps  the 
extinct  aquatic  Hydrochoerus  lived)  drifted  their  bodies 
into  the  adjoining  sea,  into  which  the  Pampean  mud 
continued  to  be  poured  from  the  north.  As  the  land 
continued  to  rise,  it  appears  that  this  source  of  sediment 
was  cut  off ;  and  in  its  place  sand  and  pebbles  were 
borne  down  by  stronger  currents,  and  conformably  de- 
posited over  the  Pampean  strata. 

Punta  Alta  is  situated  about  thirty  miles  higher  up 
on  the  northern  side  of  this  same  bav :  it  consists  of 
a  small  plain,  between  twenty  and  thirty  feet  in  height, 
cut  off  on  the  shore  by  a  line  of  low  cliffs  about  a  mile 
in  length,  represented  in  the  diagram  with  its  vertical 
scale  necessarily  exaggerated.  The  lower  bed  (A)  is 
more  extensive  than  the  upper  ones;  it  consists  of 
stratified  gravel  or  conglomerate,  cemented  by  calcareo- 
arenaceous  matter,  and  is  divided  by  curvilinear  layers 
of  pinkish  marl,  of  which  some  are  precisely  like  tosca- 
rock,  and  some  more  sandy.  The  beds  are  curvilinear, 
owing  to  the  action  of  currents,  and  dip  in  dififerent 
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directions ;  they  include  an  extraordiuary  number  of 
[  bones  of  gigantic  mammifers  and  many  shells.  The 
pebbles  are  of  considerable  size,  and  ai'e  of  hard  sand- 
stone, imd  of  quartz,  like  that  of  the  Ventana :  there 
are  also  a  few  well-roaoded  masses  of  tosca-rock. 
No.  29. 

8Mt[on  tA  Bi^di  vitli  Bfceat  Blielli  iind  Eitlnct  UauiiuLtrra,  nt  Pucta  Alti  In 


The  "iecond  bed  (B)  is  about  fifteen  feet  in  thickness, 
but  towards  both  extremities  of  the  plifT  (not  included 
in  rhi'  diaijrini)  it  either  thins  out  and  die.^i  away,  or 
passes  insensibly  into  an  overlying  bed  of  gravel.  It 
consists  of  red,  tough  clayey  mud,  with  minute  linear 
cavities ;  it  is  marked  with  faint  horizontal  sbadea  of 
colour ;  it  includes  a  fen  pebbles,  and  rarely  a  minute 
particle  of  shell :  in  one  spot,  the  dermal  armour  and  a 
few  bones  of  a  Dasypoid  quadruped  were  embedded  in 
it :  it  fills  up  fiirrows  in  the  underlying  gravel.  With 
the  exception  of  the  few  pebbles  and  particles  of  shells, 
this  bed  resembles  the  true  Fampean  mud  ;  but  it  still 
more  closely  resembles  the  clayey  flats  {mentioned  in 
the  eighth  chapter)  separating  the  Buccesaively  rising 
parallel  ranges  of  sand-dunes. 

The  bed  (C)  is  of  stratified  gravel,  like  the  lowest 
one ;  it  fills  up  furrows  in  the  underlying  red  mud,  and 
is  sometimes  interstratified  with  it,  and  sometimes  in- 
sensibly passes  into  it ;  as  the  red  mud  thins  out,  this 
upper  gravel  thickens.  Shells  are  more  numerous  in 
it  than  in  the  lower  gravel ;  but  the  bones,  though 
some  are  still  present,  are  less  numerous.  In  one  part, 
however,  where  this  gravel  and  the  red  mud  passed  into 
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each  other,  I  found  several  bones  and  a  tolerably  per- 
fect head  of  the  Megatherium.  Some  of  the  large 
Volutas,  though  embedded  in  the  gravel-bed  (C),  were 
filled  with  the  red  mud,  including  great  numbers  of  the 
little  recent  Palvdeatrina  australis.  These  three  lower 
beds  are  covered  by  an  unconformable  mantle  (D)  of 
stratified  sandy  earth,  including  many  pebbles  of  quartz, 
pumice  and  phonolite,  land  and  sea-shells. 

M.  d'Orbigny  has  been  so  obliging  as  to  name  for 
me  the  twenty  species  of  MoUusca  embedded  in  the  two 
gravel  beds  :  they  consist  of — 


1.  Volutella    angulata,     d*Orbig. 

*  Voyage '  Mollusq.  and  Pal. 

2.  Yoluta,  Brasiliana,  Sol. 

8.  Olicancilleria      Brasilicnsis, 

[d'Orl.ig. 

4.  „  auricularia,  do. 

5.  Olivina  pnelchana,  do. 

6.  Buccinanops  cochlidium,  do. 

7.  »f  globulosum,  do. 

8.  Colombella  eertulariarum,  do. 

9.  Trochus  Patagonicus,  and  var. 

of  ditto.  d'Orbig. 

10.  Paludestrina       australis, 

[d'Orbig. 

11.  Fissurella  Patagonica,   do. 


12.  Crepidula  miiricata.  Lam. 

13.  Venus  pUrpnrata,     do.  , 

14.  „      rostrata,  Phillippi. 

15.  My tilus  Dapwinianus,  d'Orbig. 

16.  Nucula  semiornata,         do. 

1 7.  Cardita  Patagonica,        do. 

18.  Corbula  „         (?)     do. 

19.  Pecten  tethuelchns,         do. 

20.  Ostrea  puelchana,  do. 

21.  A  living  species  of  Balanus. 

22.  and  23.     An  Astrsea  and  en- 

crusting Flustra,  apparently 
identical  with  species  now 
living  in  the  Bay. 


All  these  shells  now  live  on  this  coast,  and  most  of  them 
in  this  same  bay.  I  was  also  struck  with  the  fact,  that 
the  proportional  numbers  of  the  different  kinds  appeared 
to  be  the  same  with  those  now  cast  up  on  the  beach  : 
in  both  cases  specimens  of  Voluta,  Crepidula,  Venus, 
and  Trochus  are  the  most  abundant.  Four  or  five  of 
the  species  are  the  same  with  the  upraised  shells  on 
the  Pampas  near  Buenos  Ayres.  All  the  specimens 
have  a  very  ancient  and  bleached  appearance,^  and  do 
not  emit,  when  heated,  an  animal  odour :  some  of  them 

'  A  Bulinus,  mentioned  in  the  Introduction  to  the  *  Fossil  Mam- 
malia in  the  Zoology  of  the  Voyage  of  the  Beagle/  has  so  much 
fresher  an  appearance,  than  the  marine  ppecies,  that  I  suspect  it  must 
have  fallen  amongst  the  others,  and  been  collectiKJ  by  mistake. 
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are  changed  throughout  into  a  white,  soft,  fibrous  sub- 
stance ;  others  have  the  space  between  tlie  external 
walU,  either  hollow,  or  filled  up  with  crystalline  car- 
bonate of  lime. 

The  remains  of  the  extinct  mammiferous  animals, 
from  the  two  gravel  beds  have  been  described  by  Pro- 
fessor Owen  in  the  'Zoology  of  the  Voyage  of  the  Beagle;' 
they  consist  of  Ist,  oue  nearly  perfect  head  and  tUree 
frngments  of  heads  of  the  Megalfienuvi  Cuvierii ;  2nd, 
a  lower  jaw  of  Ategalonyx  Jeffersonii  \  3rd,  lower  jaw 
of  Mylcxlon  Danoinii;  4tb,  fragments  of  a  head  of 
some  gigantic  Edental  quadruped;  5th,  an  almost  entire 
skeleton  of  the  great  St»iulotkerium  Uptocephaluin, 
with  most  of  the  bones,  including  the  head,  vertebne, 
ribis,  some  of  the  extremities  to  the  clnw-bone,  and  even, 
as  remarked  by  Professor  Owen,  the  knee-cap,  all  nearly 
in  their  proper  relative  positions;  6th,  fragments  of 
the  jaw  and  a  separate  tooth  of  a  Toxodon,  belonging 
either  to  T.  Platensis,  or  to  a  second  species  lately  dis- 
covered near  Buenos  Ayres ;  7th,  a  tooth  of  Equvs 
curvidens ;  8th,  tooth  of  a  Pachyderm,  closely  allied  to 
Palseotherinm,  of  which  parts  of  the  head  have  been 
lately  sent  from  Buenos  Ayres  to  the  British  Museum ; 
in  all  probability  this  pachyderm  is  identical  with  the 
Macrauchenia  Patackonioa  from  Port  S.  Julian,  here- 
after to  be  referred  to.  Lastly,  and  9thly,  in  a  cliff  of 
the  red  clayey  hed  (B),  there  was  a  double  piece,  about 
three  feet  long  and  two  wide,  of  the  bony  armomr  of  a 
large  Dasypoid  quadruped,  with  the  two  sides  pressed 
nearly  close  together :  as  the  cliff  is  now  rapidly  wash- 
ing away,  this  fossil  probably  was  lately  much  more 
perfect ;  from  between  its  doubled-up  sides,  I  extracted 
the  middle  and  ungueal  phalanges,  united  together,  of 
one  of  the  feet,  and  likewise  a  separate  phalang  ;  hence 
one  or  more  of  the  limbs  must  have  been  attached  to 
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the  dermal  case,  when  it  was  embedded.  Besides  these 
several  remains  in  a  distinguishable  condition,  there 
were  very  many  single  bones  2  the  greater  number  were 
embedded  in  a  space  200  yards  square.  The  prepon- 
derance of  the  Edental  quadrupeds  is  remarkable ;  as 
is,  in  contrast  with  the  beds  of  Monte  Hermoso,  the 
absence  of  Bodents.  Most  of  the  bones  are  now  in  a 
soft  and  friable  condition,  and,  like  the  shells,  do  not 
emit  when  burnt  an  animal  odour.  The  decayed  state 
of  the  bones  may  be  partly  owing  to  their  late  exposure 
to  the  air  and  tidal  waves.  Barnacles,  Serpulae  and 
corallines  are  attached  to  many  of  the  bones,  but  I 
neglected  to  observe  *  whether  these  might  not  have 
grown  on  them  since  being  exposed  to  the  present  tidal 
action ;  but  I  believe  that  some  of  the  barnacles  must 
have  grown  on  the  Sc^lidotherium,  soon  after  being 
deposited,  and  before  being  wholly  covered  up  by  the 
gravel.  Besides  the  remains  in  the  condition  here 
described,  I  found  one  single  fragment  of  bone  very 
much  rolled,  and  as  black  as  jet,  so  as  perfectly  to  re- 
semble some  of  the  remains  from  Monte  Hermoso. 

Very  many  of  the  bones  had  been  broken,  abraded, 
and  rolled,  before  being  embedded.  Others,  even  some 
of  those  included  in  the  coarsest  parts  of  the  now  hard 
conglomerate,  still  retain  all  their  minutest  promi- 
nences perfectly  preserved ;  so  that  I  conclude  that 
they  probably  were  protected  by  skin,  flesh,  or  ligaments, 
whilst  being  covered  up.  In  the  case  of  the  Scelido- 
therium,  it  is  quite  certain  that  the  whole  skeleton 
was  held  together  by  its  ligaments,  when  deposited  in 
the  gravel  in  which  I  found  it.  Some  cervical  vertebra) 
and  a  humerus  of  corresponding  size  lay  so  close  to- 

*  After  having  packed  up  my  specimens  at  Bahia  Blanca,  this  point 
occurr«jd  to  me,  and  I  noted  it ;  but  forgot  it  on  my  return,  until  the 
remains  had  been  defined  and  oiled :  my  attention  was  afterwards 
recalled  to  the  subject  by  some  remarks  by  M.  d  Orbigny. 


l'i')fr>-or  KlirciilMTt^  '  lias  exarain- 
men- 'tf  tln'  liiici'  Tnattci"  from  in  e<> 
inainmiferous  reinaiiirf :  he  finds  in  tl 
trica,  decidedly  marine  forms ;  and  s 
of  which  one  is  probably  marine,  and 
of  fresh-water  or  terrestrial  origin.  ( 
eight  microscopical  bodies  is  common 
Monte  Hermoso :  but  five  of  them  are 
those  from  the  Pampean  mud  on  tl 
Parana.  The  presence  of  any  fresh 
considering  the  aridity  of  the  surrou: 
here  remarkable :  the  most  probable  ex] 
to  be,  that  these  microscopical  organis 
out  of  the  adjoining  great  Pampean  f 
its  denudation,  and  afterwards  redepos: 

We  will  now  see  what  conclusions 
from  the  facts  above  detailed.     It  is 
gravel-beds  and  intermediate  red  mud 
within  the  period,  when  existing  spe 
held  to  each  other  nearly  the  same  reli 

'  •  Monateberichten  der  konig.  Akad.  zu  Berli 
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as  they  do  on  the  present  coast.  These  beds,  from  the 
number  of  littoral  species,  must  have  been  accumulated 
in  shallow  water ;  but  not,  judging  from  the  stratifica- 
tion of  the  gravel  and  the  layers  of  marl,  on  a  beach. 
From  the  manner  in  which  the  red  clay  fills  up  furrows 
in  the  underlying  gravel,  and  is  in  some  parts  itself 
furrowed  by  the  overlying  gravel,  wliilst  in  other  parts 
it  either  insensibly  passes  into,  or  alternates  with,  this 
upper  gravel,  we  may  infer  several  local  changes  in  the 
currents,  perhaps  caused  by  slight  changes,  up  or  down, 
in  the  level  of  the  land.  By  the  elevation  of  these 
beds,  to  which  period  the  alluvial  mantle  with  pumice- 
pebbles,  land  and  sea-shells  belongs,  the  plain  of  Punta 
Alta,  from  twenty  to  thirty  feet  in  height,  was  formed. 
In  this  neighbourhood  there  are  other  and  higher  sea- 
formed  plains  and  lines  of  cliffs  in  the  Pampean  fonna- 
tion  worn  by  the  denuding  action  of  the  waves  at 
different  levels.  Hence  we  can  easily  understand  the 
presence  of  rounded  masses  of  tosca-rock  in  this  lowest 
plain  ;  and  likewise,  as  the  cliffs  at  Monte  Hermoso 
with  their  mammiferous  remains  stand  at  a  higher  level, 
the  presence  of  the  one  much-rolled  fragment  of  bone 
which  was  as  black  as  jet :  possibly  some  few  of  the 
other  much-rolled  bones  may  have  been  similarly  de- 
rived, though  I  saw  only  the  one  fragment,  in  the  same 
condition  with  those  from  Monte  Hermoso.  M.  d'Or- 
bigny  has  suggested  *  that  all  these  mammiferous 
remains  may  have  been  washed  out  of  the  Pampean 
formation,  and  afterwards  redeposited  together  with 
the  recent  shells.  Undoubtedly  it  is  a  marvellous  fact 
that  these  numerous  gigantic  quadrupeds,  belonging, 
with  the  exception  of  the  Equus  cwi^'idena^  to  seven 
extinct  genera,  and  one,  namely,  the  Toxodon,  not 
falling  into  any  existing  family,  should  have  co-existed 

>  '  Voyage,  Part.  Gcolog.'  p.  49. 
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with  MoUuBca,  all  of  which  are  still  living  species ;  but 
analogous  facts  have  been  observed  in  N.  America  ami 
in  Europe.  In  the  first  place,  it  should  not  be  civei- 
looked,  that  most  of  the  co-embedded  shells  have  a 
more  ancient  and  altered  appearance  than  the  bones. 
In  the  second  place,  is  it  probable  that  numerous  bones 
not  hardened  by  silex  or  any  other  mineral,  could  have 
retained  their  delicate  prominences  and  surfaces  perfect 
if  they  had  been  washed  out  of  one  deposit,  and  re- 
emlwdded  in  another ; — this  later  deposit  being  formed 
of  large,  hard  pebbles,  an-anged  by  the  action  of  currents 
or  breakers  in  shallow  water  into  varioualy  curved  and 
inclined  layers  ?  The  bones  which  are  now  in  so  perfect 
a  state  of  preservation,  must,  I  conceive,  have  heen 
fresh  and  sound  when  embedded,  and  probably  were 
protected  by  skin,  flesh,  or  ligaments.  The  skeleton  of 
the  Scclidotherium  indisputably  was  deposited  entire: 
shall  we  say  that  when  held  together  by  its  matrix  it 
was  washed  out  of  an  old  gravel-bed  (totally  unlike  in 
character  to  the  Pampean  formation),  and  re-embedded 
in  another  gravel-bed,  composed  ( I  speak  after  careful 
comparison)  of  exactly  the  same  kind  of  pebbles,  in 
the  same  kind  of  cement  ?  I  will  lay  no  stress  on  the 
two  cases  of  several  ribs  and  bones  of  the  extremities 
having  apparently  been  embedded  in  their  proper 
relative  position :  but  will  anyone  be  so  bold  as  to  affirm 
that  it  is  possible,  that  a  piece  of  the  thin  tessellated 
armour  of  a  Dasypoid  quadruped,  at  least  three  feet 
long  and  two  in  width,  and  now  so  tender  that  I  was 
unahle  with  the  utmost  care  to  extract  a  fragment  more 
than  two  or  three  inches  square,  could  have  been  washed 
out  of  one  bed,  and  re-embedded  in  another,  together 
with  some  of  the  small  bones  of  the  feet,  without  having 
been  dashed  into  atoms  ?     We  must  then  wlioUy  reject 


^»»»      1  fc»    .    -..•■■*_■ 
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M.  d'Orbigny^s  supposition,  and  admit  as  certain,  that 
the  Scelidotherium  and  the  large  Dasypoid  quadruped, 
and  as  highly  probable,  that  the  Toxodon,  Megatherium, 
&c.,  some  of  the  bones  of  which  are  perfectly  preserved, 
were  embedded  for  the  first  time,  and  in  a  fresh  condi- 
tion, in  the  strata  in  which  they  were  found  entombed. 
These  gigantic  quadrupeds,  therefore,  though  belonging 
to  extinct  genera  and  families,  co-existed  with  the 
twenty  above-enumerated  MoUusca,  the  barnacle  and 
two  corals,  still  living  on  this  coast.  From  the  rolled 
fragment  of  black  bone,  and  from  the  plain  of  Punta 
Alta  being  lower  than  that  of  Monte  Hermoso,  I  con- 
clude that  the  coarse  sub-littoral  deposits  of  Punta  Alta, 
are  of  subsequent  origin  to  the  Pampean  mud  of  Monte 
Hermoso ;  and  the  beds  at  this  latter  place,  as  we  have 
seen,  are  probably  of  subsequent  origin  to  the  high 
tosca-plain  round  the  Sierra  Ventana :  we  shall,  how- 
ever, return,  at  the  end  of  this  chapter,  to  the  considera- 
tion of  these  several  stages  in  the  great  Pampean 
formation. 

Buenos  Ayres  to  St  Fe  Bajada^  in  Entre  Rios. — 
For  some  distance  northward  of  Buenos  Ayres,  the 
escarpment  of  the  Pampean  formation  does  not  approach 
very  near  to  the  Plata,  and  it  is  concealed  by  vegeta- 
tion :  but  in  sections  on  the  banks  of  the  Rios  Luxan, 
Areco,  and  Arreeifes,  I  observed  both  pale  and  dark 
reddish  Pampean  mud,  with  small,  whitish  concretions 
of  tosca ;  at  all  these  places  mammiferous  remains  have 
been  found.  In  the  cliffs  on  the  Parana,  at  San  Nicolas, 
the  Pampean  mud  contains  but  little  tosca ;  here  M. 
d'Orbigny  found  the  remains  of  two  rodents  {Ctenomys 
Bonariensis  and  Kevodon  antiquus)  and  the  jaw  of  a 
Canis  :  when  on  the  river  I  could  clearly  distinguish  in 
this  fine  line  of  cliffs,  *  horizontal  lines  of  variation 


both  in  tint  and  eompactnesa."'     The  plain  northward  of 
this  point  is  veiy  level,  but  with  some  depressions  and 
lakes ;  I  estimated  its  height  at  from  forty  to  sixty  feet 
ahove  the  Parana.     At  the  A,  Medio  "the  hright  red     i 
Pampean  mud  contains  scarcely  any  tosca-rock ;  whilst 
at  a  short  distance  the  stream  of  the  Pabon  foriUB  a 
cascade,  about  twenty  feet  in  height,  over  a  caveraoiiB     , 
maRs  of  two  varieties  of  tosca  rock ;  of  which  one  ia    ' 
very  compact  and  se mi-cry atalllne,  with  seams  of  crys-    ' 
talhsed  carbonate  of  lime  ;    similar  compact  varieties 
are  met  with  on  the  Salidillo  and  Seco.     The  absolute    ■ 
identity  (I  speak  after  a  comparison  of  my  specimens) 
between  some  of  these  varieties,  and  those  from  Tapal- 
^len,  and  from  the  ridge  south  of  Bahia  Rlanca,  a  dis- 
tance of  400  mites  of  latitude,  is  very  striking. 

At  Rosario  there  is  but  little  tosca-rock :  near  this 
place  I  first  noticed  at  the  edge  of  the  river  traces  of 
an  underlying  formation,  which,  twenty-iive  milea 
higher  up  in  the  estancia  of  Gorodoua,  consists  of  a 
pale  yellowish  clay,  abounding  with  concretionary 
cylinders  of  a  ferruginous  sandstone.  This  bed,  which 
is  probably  the  equivalent  of  the  older  tertiary  marine 
strata,  immediately  to  be  described  in  Entre  Rios,  only 
just  rises  above  the  level  of  the  Parana  when  low.  The 
rest  of  the  cliff  at  Gorodona,  is  formed  of  red  Pampean 
mud,  with,  in  the  lower  part,  many  concretions  of 
tosca,  some  fit alacti formed,  and  with  only  a  few  in  the 
upper  part :  at  the  height  of  six  feet  above  the  river, 
two  gigantic  skeletons  of  the  Mastoilon  Andium  were 
here  embedded ;  their  bones  were  scattered  a  few  feet 
apart,  but  many  of  them  still  held  their  proper  relative 
positions :  they  were  much  decayed  and  as  soft  as  cheese, 

'  I  quote  these  worJi  fnim   my  noto-book,  tiB  ■wriltcn  doirn  on 
Rpot,  ua  Mvount  u(  tlie  grnerul  abseoos  if  btnitiBcHtion  in  tlie  PaniHas 
fumiHlirin  Imving  been  inaial«d  on  by  31.  d'Orbignj  as  &  proof  of  tJl« 
dilavial  ongin  of  tliis  gruat  deposit. 
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80  that  even  one  of  the  great  molar  teeth  fell  into 
pieces  in  my  hand.  We  here  see  that  the  Pampean 
deposit  contains  mammiferous  remains  close  to  its  base. 
On  the  banks  of  the  Carcarana,  a  few  miles  distant,  the 
lowest  bed  visible  was  pale  Pampean  mud,  with  masses 
of  tosca-rock,  in  one  of  which  I  found  a  much  decayed 
tooth  of  the  Mastodon:  above  this  bed,  there  was  a 
thin  layer  almost  composed  of  small  concretions  of 
white  tosca,  out  of  which  I  extracted  a  well  preserved, 
but  slightly  broken  tooth  of  Toooodon  Platenais :  above 
this  there  was  an  unusual  bed  of  very  soft  impure  sand- 
stone. In  this  neighbourhood  I  noticed  many  single 
embedded  bones,  and  I  heard  of  others  having  been 
found  in  so  perfect  a  state  that  they  were  long  used  as 
gate-posts :  the  Jesuit  Falkner  found  here  the  dermal 
armour  of  some  gigantic  Edental  quadruped. 

In  some  of  the  red  mud  scraped  from  a  tooth  of 
one  of  the  mastodons  at  Grorodona,  Professor  Ehrenberg 
finds  seven  Polygastrica  and  thirteen  Phytolitharia,*  all 
of  them,  I  believe,  with  two  exceptions,  already  known 
species.  Of  these  twenty,  the  preponderating  number 
are  of  fresh-water  origin ;  only  two  species  of  Coscino- 
discus  and  a  Spongolithis  show  the  direct  influence  of 


>  *  Monateberichten  der  konig.  Akad.  zu  Berlin*'  April,  1845.    The 
list  consists  of : — 

POLTOASTRICA. 


Campylodiscus  clypeus. 
Coscinodiscus  subtills. 

al.  sp. 

Eunotia. 


Gallionella  granulata. 
Himantidium  gracile. 
Finnularia  borealis. 


I 


Phttolithabia. 

Lithasterkcus  tnberculatus.  Lithostylidium  Hamus. 

Lithodontiara  bursa.  „            polyedrum. 

furcatum.  „            quadratum. 

rostratum.  .,            rude. 


»» 
I* 


Lithostylidium  Amphiodon. 

Clep- 
sammidiuQL 


Serra. 
uniden- 
tatum. 
Spongolithis  Fustis. 
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the  sea ;  therefore  Professor  Ebrenberg  arrives  at  the 
important  conclusion  that  tlie  deposit  must  have  been 
of  lirackijih -water  origin.  Of  the  thirteen  Phytolitharia, 
nine  are  met  with  in  the  two  cteposits  in  Bahia  Elanca, 
where  there  is  evidence  from  t"o  other  species  of 
Polygastrica  that  tlie  beds  were  accumulated  in  brackish 
water.  The  traces  of  corals,  sponges,  and  Polythalamia, 
found  by  Dr.  Carpenter  in  the  toaca-rock  (of  which  I 
must  obser\-e  the  greater  number  of  specimens  were 
from  the  upper  beds  in  the  southern  parts  of  the 
formation),  apparently  show  a  more  purely  mariae 
origin. 

At  St.  Fi  Bajoda,  in  Entre  Rios,  the  cliffs,  esti- 
mated at  between  sixty  and  seventy  feet  in  height, 
expose  an  interesting  section  :  the  lower  half  consists 
of  tertiary  strata  with  marine  shells,  and  the  upper  half 
of  the  Pampean  formation.  The  lowest  bed  is  sd 
obliquely  laminated,  blackish,  indurated  mud,  with 
distinct  traces  of  vegetable  remains.'  Above  this  there 
is  a  thick  bed  of  yellowisb  sandy  clay,  with  much  crys- 
tallised gypeum  and  many  shells  of  Ostrex,  Pectens, 
and  Arcffi :  above  this  there  generally  comes  an  arena- 
ceous crystalline  limestone,  but  there  is  sometimes 
interposed  a  bed,  about  twelve  feet  thick,  of  dark  green, 
soapy  clay,  weathering  into  small  angular  fragments. 
The  limestone,  where  purest,  is  white,  highly  crystalline, 
and  full  of  cavities  :  it  includes  small  pebbles  of  quartz, 
broken  shells,  teeth  of  sharks,  and  sometimes,  as  I  was 
informed,  large  bones :  it  often  contains  so  much  sand 
as  to  pass  into  a  calcareous   sandstone,  and   in  such 

■  M.  d  Orbignj  has  given  ('  Voyafe.  Fart.  Oiolog.'  p.  37)  a  detailad 
daBcHption  of  thU  aectjoo,  bnt  a»  be  do«  not  meotioQ  this  loweat  bed, 
it  mar  bare  been  concealed  wheo  he  vai  there  by  the  rirer.  'Hwn  ia  • 
consiaerable  discrepancy  betveen  his  descnption  and  mine,  which  I  can 
<Hi1y  account  for  b;  the  beds  tbemselvea  ruling  conadpiably  in  aboR 
diataocei. 
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parts  the  great  Oatrea  Patagonica  *  chiefly  abounds. 
In  the  upper  part,  the  limestone  alternates  with  layers 
of  fine  white  sand.  The  shells  included  in  these  beds 
have  been  named  for  me  by  M.  d'Orbigny ;  they  consist 
of,-. 


2. 

a. 

4. 


I.  Ofti«a    Patagonica,    d'Orbig. 
•Voyage,' Part.  Pal. 
„    Alvarezii,  do. 
Fecten    Paranensis,  do.    (and 
PL  IV.  of  this  work,  fig.  30.) 
"    Barwinianns,  do.  and  PI. 
rV.  of  this  work.  figs.  28,  29. 


5.  Venns     Mansterii,      d'Orbig. 

•  Voyage,'  Pal. 

6.  Area  Bonplandiana,  do. 

7.  Cardium  Platense,  do. 

8.  Tellina,   probably   nov.    spec., 

but  too  imperfect  for  descrip- 
tion. 


These  species  are  all  extinct:  the  six  first  were 
found  by  M.  d'Orbigny  and  myself  in  the  formations  of 
the  Rio  Negro,  S.  Josef,  and  other  parts  of  Patagonia ; 
and  therefore,  as  first  observed  by  M.  d'Orbigny,  these 
beds  certainly  belong  to  the  great  Patagonian  forma- 
tion, which  will  be  described  in  the  ensuing  chapter, 
and  which  we  shall  see  must  be  considered  as  a  very 
ancient  tertiary  one.  North  of  the  Bajada,  M.  d'Orbigny 
found,  in  beds  which  he  considers  as  lying  beneath  the 
strata  here  described,  remains  of  a  Toxodon,  which  he 
has  named  as  a  distinct  species  from  the  T.  Plutenais 
of  the  Pampean  formation.  Much  silicified  wood  is 
found  on  the  banks  of  the  Parana  (and  likewise  on  the 
Uruguay),  and  I  was  informed  that  they  come  out  of 
these  lower  beds;  four  specimens  collected  by  myself 
are  dicotyledonous. 

The  upper  half  of  the  cliff,  to  a  thickness  of  about 
thirty  feet,  consists  of  Pampean  mud,  of  which  the 
lower  part  is  pale  coloured,  and  the  upper  part  of  a 
brighter  red,  with  some  irregular  layers  of  an  arenaceous 
variety  of  tosca,  and  a  few  small  concretions  of  the 
ordinary   kind.      Close   above   the   marine   limestone, 

*  Capt.  Sulivan,  R.N.,  has  given  mo  a  specimen  of  this  shell,  -which 
he  fonnd  in  the  cliffs  at  Point  Cerrito,  between  twenty  and  thirty  miles 
above  the  Bajada. 
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there  is  a  thin  stratum  with  a  concretionary  outline  of 
white  hard  tosca-rock  or  marl,  which  may  lie  considered 
either  as  the  uppermost  hed  of  the  inferior  depoxits, 
or  the  lowest  of  the  Pampean  formation ;  at  one  time 
I  considered  this  hed  as  marking  a  passage  hetween 
the  two  formations ;  but  I  have  since  become  convinced 
that  I  was  deceived  on  this  point.  In  the  section  on 
the  Parana,  I  did  not  find  any  mamraiferous  remains; 
Imt  at  two  miles  distance  on  the  A.  Tapas  (a  tributary 
of  the  Conchitas),  they  were  extremely  numerous  in  n 
low  cliff  of  red  Pampean  mud  with  small  concretions, 
precisely  like  the  upper  bed  on  the  Parana.  Most  of 
the  bones  were  solitary  and  much  decayed;  but  I  saw 
the  dermal  armour  of  a  gigantic  Edental  quadruped, 
forming  a  cauldron-like  hollow,  four  or  five  feet  in 
diameter,  out  of  which,  aa  I  was  informed,  the  almost 
entire  skeleton  bad  been  lately  removed.  I  foimd  single 
teeth  of  the  Mastodon  Andium,  Toxodon  Platenaia, 
and  Equua  curvidtTia,  near  to  each  other.  As  this 
latter  tooth  approaches  closely  to  that  of  the  common 
horse,  I  paid  particular  attention  to  ita  true  embedment, 
for  I  did  not  at  that  time  know  that  there  was  a  similar 
tooth  hidden  in  the  matrix  with  the  other  mammiferous 
remains  from  Punta  Alta.  It  ia  an  interesting  circum- 
stance, that  Prof.  Owen  finds  that  the  teeth  of  this 
horse  approiach  more  closely  in  their  peculiar  currature 
to  a  fossil  specimen  brought  by  Mr.  Lyell '  from  Xorth  '. 
America,  than  to  those  of  any  other  species  of  Equus. 

The  underlying  marine  tertiary  strata  exend  over  a 
wide  area :  I  was  assured  that  they  can  be  traced  in 
ravines  in  an  east  and  west  line  across  Entre  RioB  to 
the  Uruguay,  a  distance  of  about  135  miles.  In  a  SE. 
direction  I  heard  of  their  existence  at  the  head  of  the 

I,  uid  'Proc  of 
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B.  Nankay;  and  at  P.  Gorda  in  Banda  Oriental,  a 
distance  of  170  miles,  I  found  the  same  limestone, 
containing  the  same  fossil  shells,  lying  at  about  the 
same  level  above  the  river  as  at  St.  Fe.  In  a  southerly 
direction,  these  beds  sink  in  height,  for  at  another  P. 
Gorda  in  Entre  Bios,  the  limestone  is  seen  at  a  much 
less  height;  and  there  can  be  little  doubt  that  the 
yellowish  sandy  clay,  on  a  level  with  the  river,  between 
the  Carcarana  and  S.  Nicolas,  belongs  to  this  same 
formation ;  as  perhaps  do  the  beds  of  sand  at  Buenos 
Ayres,  which  lie  at  the  bottom  of  the  Pampean  forma- 
tion, about  sixty  feet  beneath  the  surface  of  the  Plata. 
The  southerly  declination  of  these  beds  may  perhaps  be 
due,  not  to  unequal  elevation,  but  to  the  original  form 
of  the  bottom  of  the  sea,  sloping  from  land  situated  to 
the  north ;  for  that  land  existed  at  no  great  distance, 
we  have  evidence  in  the  vegetable  remains  in  the  lowest 
bed  at  St.  Fe ;  and  in  the  silicified  wood  and  in  the 
bones  of  Toocodon  ParaTieTisia^  found  (according  to 
M.  d'Orbigny)  in  still  lower  strata. 

Banda  Oriental. — This  province  lies  on  the  north- 
em  side  of  the  Plata,  and  eastward  of  the  Uruguay  :  it 
has  a  gently  undulatory  surface,  with  a  basis  of  primary 
rocks;  and  is  in  most  parts  covered  up  with  an  un- 
stratified  mass,  of  no  great  thickness,  of  reddish 
Pampean  mud.  In  the  eastern  half,  near  Maldonado, 
this  deposit  is  more  arenaceous  than  in  the  Pampas ;  it 
contains  many  though  small  concretions  of  marl  or 
tosca-rock,  and  others  of  highly  ferruginous  sandstone ; 
in  one  section,  only  a  few  yards  in  depth,  it  rested  on 
stratified  sand.  Near  Monte  Video  this  deposit  in  some 
spots  appears  to  be  of  greater  thickness ;  and  the  re- 
mains of  the  Glyptodon  and  other  extinct  mammifers 
have  been  found  in  it.  In  the  long  line  of  cliflFs,  between 
fifty  and  sixty  feet  in  height,  called  the  Barrancas  de 
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8.  Gregorio,  which  extend  westward  of  the  Rio  8.  Li]cia» 
the  lower  half  is  formed  of  ooarae  sand  of  quarts  and 
feldspar  without  mica,  like  that  now  east  up  on  the 
beach  near  Maldonado;  and  the  upper  half  of  Pampean 
mud,  varying  in  colour  and  containing  honey-bombed 
veins  of  soft  cajcareous  matter  and  small  concrotions  of 
toscar-rock  arranged  in  lines,  and  likewise  a  few  pebbles 
of  quarts.    This  deposit  fills  up  hollows  and  furrows  in 
the  underlying  sand ;  appearing  as  if  water  charged 
with  mud  had  invaded  a  sandy  beach.    These  cUflb 
extend  fiir  westward,  and  at  a  distance  of  sixty  miles, 
near  Colonia  del  Saoramiento,  I  found  the  Ptoip^iEUi 
deposit  resting  in  some  places  on  this  sand,  and  in 
others  on  the  primary  rocks :  between  the  sand  and  the 
reddish  mud,  there  appeared  to  be  interposed,  but  the 
section  was  not  a  very  good  one,  a  thin  bed  of  shells  of 
an  existing  Mytilus,  still  partially  retaining  their  colour. 
The  Pampean  formation  in  Banda  Oriental  might  readily 
be  mistaken  for  an  alluvial  deposit:  compared   with 
that  of  the  Pampas,  it  is  often  more  sandy,  and  con- 
tains small  fragments  of  quartz;  the  concretions  are 
much  smaller^  and  there  are  no  extensive  masses  of 
tosca-rock. 

In  the  extreme  western  parts  of  this  province,  be- 
tween the  Uruguay  and  a  line  drawn  from  Colonia  to 
the  R.  Perdido  (a  tributary  of  the  R.  Negro),  the 
formations  are  far  more  complicated.  Besides  primary 
rocks,  we  meet  with  extensive  tracts  and  many  flat- 
topped,  horizontally  stratified,  cliflF-bounded,  isolated 
hills  of  tertiary  strata,  varying  extraordinarily  in 
mineralogical  nature,  some  identical  with  the  old 
marine  beds  of  St.  Ke  Bajada,  and  some  with  those  of 
the  much  more  recent  Pampean  formation.  There  are, 
also,  extensive  low  tracts  of  country  covered  with  a 
deposit  containing  mammiferous  remains,  precisely  li'-e 
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that  just  described  in  the  more  eastern  parts  of  the 
province.  Although  from  the  smooth  and  mibroken 
state  of  the  country,  I  never  obtained  a  section  of  this 
latter  deposit  close  to  the  foot  of  the  higher  tertiary 
hills,  yet  I  have  not  the  least*  doubt  that  it  is  of  qmte 
subsequent  origin ;  having  been  deposited  after  the  sea 
had  worn  the  tertiary  strata  into  the  cliff-bounded  hills. 
This  lat^  formation,  which  is  certainly  the  equivalent 
of  that  of  the  Pampas,  is  well  seen  in  the  valleys  in  the 
estancia  qf  Berquelo,  near  Mercedes  ;  it  here  consists  of 
reddish  earth,  full  of  rounded  grains  of  quartz,  and  . 
with  some  small  concretions  of  tosca-rock  arranged  iti 
horizontal  lines,  so  as  perfectly  to  resemble,  except  in 
containing  a  little  calcareous  matter,  the  formation  in 
the  east^n  parts  of  Banda  Oriental,  in  Entre  £ios,  and 
at  other  places :  in  this  estancia  the  skeleton  of  a  great 
Edental  quadruped  was  found.  In  the  valley  of  the 
Sarandis,  at  the  distance  of  only  a  few  miles,  this  de- 
posit has  a  somewhat  different  character,  being  whiter, 
softer,  finer-grained,  and  full  of  little  cavities,  and  con-  < 
sequently  of  little  specific  gravity  ;  nor  does  it  contain 
any  concretions  or  calcareous  matter :  I  here  prociured 
a  head,  which  when  first  discovered  must  have  been 
quite  perfect,  of  the  Toxodon  Platens i^,  another  of  a 
Mylodon,*  perhaps  M,  Darwiniiy  and  a  large  piece  of 
dermal  armour,  differing  from  that  of  the  Glyptodon 
clauipes.  These  bones  are  remarkable  from  their  ex- 
traordinarily fresli  appearance  ;  when  held  over  a  lamp 
of  spirits  of  wine,  they  give  out  a  strong  odour  and 
bum  with  a  small  flame  ;  Mr.  T.  Reeks  has  been  so  kind 
as  to  analyse  some  of  the  fragments,  and  he  finds  that 

*  This  head  vras  at  first  considerwl  by  Professor  Owen  (in  the 
*  Zoology  of  the  Be^vgie's  Voyage ')  as  belonging  to  a  distinct  genua, 
namely,  Glossotherium. 
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they  contain  about  eevea  per  cent,  of  animal  matter, 
and  eight  per  cent,  of  water.' 

The  older  tertiary  strata,  forming  the  higher  isolated 
bills  and  extensive  tracts  of  country,  vary,  as  I  have 
eaid,  extraordinarily  in- composition:  within  the  dis- 
tance of  a  few  miles,  I  sometimes  passed  over  crystalline 
limestone  with  agate,  calcareous  tuffa,  and  marly  rocks, 
all  passing  into  each  other, — red  and  pole  mud  with 
concretions  of  tosca-rock,  quite  like  the  Pampean  for- 
mation,— calcareous  conglomerates  and  sandstones,^ — 
^  bright  red  sandstones  passing  either  into  red  con- 
^omerate,  or  into  white  sandstone, — hard  siliceous 
sandstones,  jaapery  and  ebalcedonic  rocks,  and  numerous 
,  other  subordinate  varieties.  I  was  unable  to  make  out 
the  relations  of  all  these  strata,  and  will  describe  only 
a  few  distinct  sections : — in  the  cliffs  between  P.  Gords 
on  the  UiTiguay  and  the  A.  de  Vivoras,  the  upper  bed 
is  crystalline  cellular  limestone  often  passing  into  cat> 
careous  sandstone,  with  impressions  of  some  of  the  same 
shells  as  at  St.  Fe  Bajada ;  at  P.  Gorda,*  this  limestone 
is  interstrati&ed  with,  and  rests  on,  white  sand,  which 
covers  a  bed  about  thirty  feet  thick  of  pale-colouied  |. 
clay,  with  many  shells  of  the  great  Ostrea  Pataganica: 
beneath  this,  in  the  vertical  cliff,  nearly  on  a  level  with 
the  river,  there  is  a  bed  of  red  mud  absolutely  like  the 
Pampean  deposit^  with  numerous  often  large  concre- 
tions of  perfectly  charact<?rised  white,  compact  tosc*- 
rock.  At  the  mouth  of  the  Vivoras,  the  river  flowi 
over  a  pale  cavernous  tosca-rock,  quite  like  that  in  the 

'  liebig('Chemi3trj'of  Aaripuilure-' P    'S*)  staM«  t^M  fresh  dtj 
bones  eontaio  from  thirty-two  to  tliirtj-lhree  per  cenL  of  dry  gelatinK  |, 
Sea  hIk>  Dr.  I)»ubeny  in  ■  Edin.  New  Phil.  Journ.'  vol.  iiivii.  p.  293.    ^ 

'  In  my 'Journal'  (p.  171,  l»t  edit,),  I  haTo  hastly  nnii  inBCcnratrfj  4 
Walfd  tlifti  the  PjHnpenn  mud,  wliich  ib  fbnnd  over  the  tBst*m  part  o(L^ 
B.  Orieotal.  lies  otxr  the  timeatone  it  P.  Gordo ;  I  should  have  «Mdv" 
tbsi  tkera  waa  naaoa  to  isia  tb*t  it  vw  »  sobeegqeat  or  Euperior  ~ 
depodi. 
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pas,  and  this  appeared  to  underlie  the  crystalline 
stone;  but  the  section  was  not  unequivocal  like 
at. P.  Grorda.  These  beds  now  form  only  a  narrow 
much  denuded  strip  of  land ;  but  they  must  once 
extended  much  feurther ;  for  on  the  next  stream, 
i  of  the  S.  Juan,  Captain  Sulivan,  R.N.,  found  a 
>  cliflF,  ojaly  just  above  the  surface  of  the  river,  with 
erous  shells  of  the  Vemis  MunateAiy  d'Orbig., — 
)f  the  species  occurring  at  St.  F^  and  of  which 
$.  are  casts  at  P.  Gorda :  the  line  of  cliffs  of  the 
M]uently  deposited  true  Pampean  mud,  extend 
Oolonia  to  within  half  a  mile  of  this  spot,  and  no 
>t  once  covered  up  this  denuded  marine  stratum, 
n  at  Colonia,  a  Frenchman  found,  in  digging  the 
dations  of  a  house,  a  great  mass  of  the  Ostrea  Pata- 
ca  (of  which  I  saw  many  fragments),  packed  to- 
3r  just  beneath  the  surface,  and  directly  superim- 
1  on  the  gneiss.  These  sections  are  important: 
'Orbigny  is  unwilling  to  believe  that  beds  of  the 
nature  with  the  Pampean  formation  ever  underlie 
tncient  marine  tertiary  strata ;  and  I  was  as  much 
•ised  at  it  as  he  could  have  been ;  but  the  vertical 
at  P.  Gorda  allowed  of  no  mistake,  and  I  must  be 
itted  to  affirm,  that  after  having  examined  the 
try  from  the  Colorado  to  St.  Fe  Bajada,  I  could  not 
jceived  in  the  mineralbgical  character  of  the  Pam- 
deposit. 

loreover,  in  a  precipitous  part  of  the  ravine  of 
Bocas,  a  red  sandstone  is  distinctly  seen  to  overlie 
ck  bed  of  pale  mud,  also  quite  like  the  Pampean 
ation,  abounding  with  concretions  of  true  tosca- 
This  eandstone  extends  over  many  miles  of 
try  :  it  is  as  red  as  the  brightest  volcanic  scoriae  ; 
►metimes  passes  into  a  coarse  red  conglomerate 
losed  of  the  underlying  primary  rocks ;  and  often 
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passes  into  a  soft  white  sandstone  with  red  strcftks. 
At  the  Calera  de  Ice  Huerfanos,  only  a  quarter  of  a 
mile  south  of  vhere  I  tirst  met  with  the  red  sand- 
stone, the  crystalline  white  limestone  ia  quarried:  as 
this  bed  ie  the  uppermost,  and  as  it  often  passes  into 
■  calcareous  sandstone,  interstratified  with  pure  sand ; 
and  as  the  red  maiidstone  likewise  passes  into  soft  white 
sandstone,  and  is  also  the  uppermost  bed,  J  believe 
Ihat  these  two  beds,  though  so  different,  are  equiva- 
lents. A  few  leagues  soutliward  of  these  two  places, 
on  each  side  of  the  low  primary  range  of  S.  Jnan, 
there  are  some  flat-topped,  cliff-bounded,  separate 
little  bills,  very  similar  to  those  fringilig  the  primary 
ranges  in  the  great  plain  south  of  Buenos  Ayres ;  they 
are  composed — 1st,  of  calcareous  tuff  with  many  par- 
ticles of  quartz,  sometimes  passing  into  a  coarse  con- 
glomerate ;  2iid,  of  a  stone  un distinguishable  on  the 
closest  inspection  from  the  compacter  varieties  of 
toeca-rock ;  and  3rd,  of  semi-crystalline  limestone, 
including  nodules  of  agate :  these  three  varieties  jmisb 
insensibly  into  each  other,  and  as  they  form  the  upper- 
most stratum  in  this  district,  I  believe  that  they,  also, 
are  the  equivalents  of  the  piu-e  crystalline  limestone, 
and  of  the  red  and  white  sandstones  "and  conglomerates. 
Between  these  points  and  Mercedes  on  the  Rio 
Negro,  there  are  scarcely  any  good  sectioiiB,  the  road 
passing  over  limestone,  tosca-rock,  calcai'eous  add 
bright  red  sandstones,  and  near  the  source  of  the  S,  Sal- 
vador over  a  wide  extent  of  jaspery  rocks,  with  much 
milky  agate,  like  that  in  the  limestone  near  8.  Juan. 
In  the  estancia  of  Berquelo,  the  separate,  flat-topped, 
cliff-bounded  hills  are  rather  higher  than  in  other  part? 
of  the  country;  they  range  in  a  NE.  and  SW.  direc- 
tion ;  their  uppermost  beds  consist  of  the  same  bright 
red  sandstone,  passing  sometimes  into  a  canglomeiat«, 
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and  in  the  lower  part  into  soft  white  sandstone,  and 
even  into  loose  sand :  beneath  this  sandstone,  I  saw. 
in  two  places  layers  of  calcareous  and  marly  rocks,  and 
in  one  place  red  Pampean-like  earth ;  at  the  base  of 
these  sections,  there  was  a  hard,  stratified,  white  sand- 
stone, with  chalcedonic  layers.  Near  Mercedes,  beds 
of  the  same  nature  and  apparently  of  the  same  age,  are 
associated  with  compact,  white,  crystalline  limestone, 
including  much  botryoidal  agate,  and  singular  masses, 
like  porcelain,  but  really  composed  of  a  calcareo-sili- 
ceous  paste.  In  sinking  wells  in  this  district  the 
chalcedonic  strata  seems  to  be  the  lowest.  Beds,  such 
as  here  described;  occur  over  the  whole  of  this  neigh- 
bourhood ;  but  twenty  miles  further  up  the  R.  Negro, 
in  the  cliffs  of  Perika,  which  are  about  fifty  feet  in 
height,  the  upper  bed  is  a  prettily  variegated  chalce- 
dony, mingled  with  a  pure  white  tallowy  limestone ; 
beneath  this  there  is  a  conglomerate  of  quartz  and 
granite ;  beneath  this  many  sandstones,  some  highly 
calcareous ;  and  the  whole  lower  two-thirds  of  the  cliff 
consist  of  earthy  calcareous  beds  of  various  degrees  of 
purity,  with  one  layer  of  reddish  Pampean-like  mud. 

When  examining  the  agates,  the  chalcedonic  and 
jaspery  rocks,  some  of  the  limestones,  and  even  the 
bright  red  sandstones,  I  was  forcibly  struck  with 
their  resemblance  to  deposits  formed  in  the  neigh- 
bourhood of  volcanic  action.  I  now  find  that  M. 
Isabelle,  in  his  ^  Voyage  a  Buenos  Ayres,'  has  described 
closely  similar  beds  on  Itaquy  and  Ibicuy  (which  enter 
the  Uruguay  some  way  north  of  the  R.  Negro)  and  these 
beds  include  fragments  of  red  decomposed  true  scoriae 
hardened  by  zeolite,  and  of  black  retinite :  we  have 
then  here  good  evidence  of  volcanic  action  during  our 
tertiary  period.      Still  farther  north,  near  S.  Anna,* 

»  M.  d'Orbigny,  '  Voyage,  Part.  Gtiolog./  p.  29. 


where  the  Parana  makes  a  remarkable  bend,  M. 
Bonpland  found  §ome  singular  amygdaloidal  rocks, 
which  perhaps  may  belong  to  this  same  epoch,  I  may 
remark  that,  judging  from  the  size  and  well-rounded 
condition  of  the  blocks  of  rock  in  the  above-described 
conglomerate^  masses  of  primary  formation  probably 
existed  at  this  tertiary  period  above  water :  there  is, 
also,  according  to  M.  Isabel le,  much  conglomerate 
farther  north,  at  Salto. 

From  whatever  source  and  through  whatever  means 
the  great  Pampean  formation  originated,  we  here  have, 
J  must  repeat,  unequivocal  evidence  of  a  similar 
action  at  a  period  before  that  of  the  deposition  of  tfas 
marine  tertiary  strata  with  extinct  shells,  at  St.  F4  and 
P,  Gorda.  During  also  the  deposition  of  these  strata, 
we  have  in  the  intercalated  layers  of  red  PampeaQ-Iike 
mud  and  tosca-rock,  and  in  the  passage  near  S.  Juan  of 
the  eemi-ciystalline  limestones  with  agate  into  tosca 
un distinguishable  from  that  of  the  Pampas,  evidence 
of  t.he  same  action,  though  continued  only  at  intervals 
and  in  a  feeble  manner.  We  have  further  seen  that  in 
this  district,  at  a  period  not  only  subsequent  to  the  de- 
position of  the  tertiary  strata,  but  to  their  upbeavement 
and  most  extensive  deutidatiou,  true  Pampean  mud 
with  its  usual  characters  and  including  mammiferous 
remains,  were  deposited  round  and  Ijetween  the  hills 
or  islata  formed  of  these  tertiary  strata,  and  over  the 
whole  eaat«m  and  low  primary  districts  of  Banda 
Oriental, 

Earthy  mass,  with  extinct  mammiferous  remaina, 
nver  the  porphyritic  gravel  at  S.  Julian,  Int.  49°  14' 
iS.  in  Patagonia. — This  CAse,  though  not  coining 
strictly  under  the  Pampean  foi-mation,  may  be  con- 
veniently given  here.  On  the  south  side  of  the 
harbour,  there  is  a  nearly  level  plain  (mentioned  in 
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the  eighth  chapter)  about  seven  miles  long,  and  three  or 
four  miles  wide,  estimated  at  ninety  feet  in  height,  and 
bordered  by  perpendicular  cliffs,  of  which  a  section  is 
here  represented. 

No.  30. 
Section  of  the  Lowwt  Plain  at  Port  a  Jnlioa. 

A  ▲  ▲ 


A  A.  Baperficial  bed  of  reddish  earth,  ^rith  the  reDoains  of  the  Macrauchenia,  and 

with  recent  aea-shells  on  the  surface. 
B.  Gravel  of  porphyritic  rocks. 

B  and  P.  Sandttone  and  argillaceous  beds.  \  ^°***«°*  *«^"y  formation. 

The  lower  old  tertiary  strata  (to  be  described  in  the 
next  chapter)  are  covered  by  the  usual  gravel  bed; 
and  this  by  an  irregular  earthy,  sometimes  sandy  mass, 
seldom  more  than  two  or  three  feet  in  thickness,  except 
where  it  fills  up  furrows  or  gullies  worn  not  only 
through  the  underlying  gravel,  but  even  through  the 
upper  tertiary  beds.  This  earthy  mass  is  of  a  pale 
reddish  colour,  like  the  less  pure  varieties  of  Pampean 
mud  in  Banda  Oriental ;  it  includes  small  calcareous 
concretions,  like  those  of  tosca-rock  but  more  arena- 
ceous, and  other  concretions  of  a  greenish,  indurated 
argillaceous  substance:  a  few  pebbles,  also,  from  the 
underlying  gravel-bed  are  also  included  in  it,  and  these 
being  occasionally  arranged  in  horizontal  lines,  show 
that  the  mass  is  of  sub-aqueous  origin.  On  the  sur- 
face and  embedded  in  the  superficial  parts,  there  are 
numerous  shells,  partially  retaining  their  colours,  of 
three  or  four  of  the  now  commonest  littoral  species. 
Near  the  bottom  of  one  deep  furrow  (represented  in 
the  diagram),  filled  up  with  this  earthy  deposit,  I 
found  a  large  part  of  the  skeleton  of  the  Macrauchenia 


34*^  Panipcan  Formalion.  vsw^  n. 

I-'atacli-onica  —  a  gigaatic  and  most  extraordiuary  ^M 
pachyderm,  allied,  according  to  Professor  Owen,  to  ^M 
tLc  Palieotberium,  but  with  affinitiea  to  the  Ruminants, 
especially  to  the  American  division  of  the  Gamelidte. 
Several  of  the  vertebra;  io  a  chain,  and  nearly  all  the 
bones  of  one  of  the  limba,  even  to  the  amaltesl  bones  of 
llie  foot,  were  embedded  in  their  proper  relative  posi- 
tions :  hence  the  skeleton  was  certainly  united  by  its 
flesh  or  ligaments,  when  enveloped  in  the  mud.  Thia 
earthy  mass,  with  its  concretions  and  mammiferoua 
remains,  filling  up  furrows  in  the  underlying  gravel, 
certainly  presents  a  very  striking  resemblance  to  some 
of  the  sections  (for  instance,  at  P.  Alta  in  B.  Blanca, 
or  at  the  Barrancas  de  S.  Gregorio)  in  the  Pampean 
formation ;  but  I  must  believe  that  this  i^semblance  i& 
only  accidental.  I  suspect  that  the  mud  which  at  the 
present  day  is  accumulating  in  deep  and  narrow  gullies 
at  the  head  of  the  harbour,  would,  after  elevation,  pre- 
sent a  very  similar  appearance.  The  southernmost 
part  of  the  true  Pampean  formation,  namely,  on  the 
Colorado,  lies  560  miles  of  latitude  north  of  this 
point.' 

^\'ith  respect  to  the  age  of  the  Macrauchenia,  the 
shells  on  the  surface  prove  that  the  mass  in  which  the 
skeleton  was  enveloped  has  been  elevated  above  the 
sea  within  the  recent  period  :  I  did  not  see  any  of  the 
shells  embedded  at  a  sufficient  depth  to  assure  me 
(though  it  be  highly  probable)  that  the  whole  thick- 
ness of  the  mass  was  contemporaneous  with  these  indi- 
vidual npecimens.  That  the  Macrauchenia  lived  sub- 
sequently to  the  spreading  out  of  the  gravel  on  this 


'  In  the  sacce»ding;  chapter  I  aball  havi?  tn  retvr  to  a  Rnut  c 
of  GiLinct  mBDiiniferout  reicaios,  lately  discoToreJ  bj  Cnpl.  Si 
11.N..  at  a  point  Ktill  funhur  aouth,  niimelj  at,  the  R.  GallBgoa ; 
Mge  malt  at  pi«Mnt  lemua  donbtfii]. 
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plain  is  certain  ;  and  that  this  ^^vel,  at  the  height  of 
ninety  feet,  was  spread  out  long  after  the  existence  of 
recent  shells,  is  scarcely  less  certain.  For,  it  was 
shown  in  the  eighth  chapter,  that  this  line  of  coast  has 
been  upheaved  with  remarkable  equability,  and  that 
oyer  a  vast  space  both  north  and  south  of  S.  Julian, 
recent  species  of  shells  are  strewed  on  (or  embedded  in) 
the  surface  of  the  250  feet  plain,  and  of  the  350  feet 
plain  np  to  a  height  of  400  feet.  These  wide  step- 
formed  plains  have  been  formed  by  the  denudiHg  action 
of  the  coast-waves  on  the  old  tertiary  strata ;  and 
therefore,  when  the  surface  of  the  350  feet  plain,  with 
the  shells  on  it,  first  rose  above  the  level  of  the  sea, 
the  250  feet  plain  did  not  exist,  and  its  formation,  as 
well  as  the  spreading  out  of  the  gravel  on  its  summit, 
must  have  taken  place  subsequently.  So  also  the 
denudation  and  the  gravel-covering  of  the  ninety  feet 
plain  must  have  taken  place  subsequently  to  the  eleva- 
tion of  the  250  feet  plain,  on  which  recent  shells  are 
also  strewed.  Hence  there  cannot  be  any  doubt  that 
the  Macrauchenia,  which  certainly  was  entombed  in  a 
fresh  state,  and  which  must  have  been  alive  after  the 
spreading  out  of  the  gravel  on  the  ninety  feet  plain, 
existed,  not  only  subsec^uently  to  the  upraised  shells  on 
the' surface  of  the  250  feet  plain,  but  also  to  those  on 
the  350  to  400  feet  plain :  these  shells,  eight  in  number 
(namely,  three  species  of  Mytilus,  two  of  Patella,  one 
Fusus,  Voluta,  and  Balanus),  are  undoubtedly  recent 
species,  and  are  the  commonest  kinds  now  living  on 
this  coast.  At  Punta  Alta  in  B.  Blanca,  I  remarked 
how  marvellous  it  was,  that  the  Toxodon,  a  mammifer 
so  unlike  to  all  known  genera,  should  have  co-existed 
with  twenty-three  still  living  marine  animals ;  and  now 
we  find  that  tlie  Macrauchenia,  a  quadruped  only  a 
little  less  anomalous  than  the  Toxodon^  aVao  ec>-ex\sXft.^ 
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■idi  o^  otter  Mill  outag  XobKs:  it  AmOd,  J 
noRovavfae  bane  ia  nuad,Ail  >  toatli  nfspadbr-  1 
dnBBbMaaatnadwaa  food  with  tke  oUicr  nnaia«at 
Pmu  Alta,  wbiek  ProfaBor  Owen  Uunla  almost  eep-   I 
bntlj  Mosgad  to  the  Macnadaenia.  ' 

Sir.  L^en  '  hM  urived  at  a  higfalT  impoctaat  coD- 
diMwn  vitb  nuptKt  h»  tlw  age  of  the  Noitli  Amaricwi   | 
extioct  mammifrw  (man;  «f  whidi  are  doady  allied  to*   || 
aod  vten  tdentkal  with^  tbote  of  the  hmpcaa  femB-    , 
Maa  \  Bsmrij.  tint  ther  lired  anbaeqaentlT  to  the  period 
wbeo  emtic  Inuldtin  wen  tiaospartcd  hj  tbc  agoK;    ' 
gf  BoBting  ice  ia   tempente  latitudo^     ^ew  la  the    ' 
ralleyoftbeSan  Crax,  only  fifty  milee  of  latitude  moth 
of  ibe  ^ot  wbef*  tlie  Mikcmicfafvta  w*t  entombed,  rtA 
DQmljeri    of  gr^aBtic,    aoi^ilar   l->uMers,  which    must 
bare  been  tmispoited  from  tbe  Cordillen  on  iccbo^ 
He  ftrewed  oD  the  plain,  at  tbe  height  of  1,400  fert 
abore  the  level  of  the  sea.     In  aacending  to  thi*  level, 
•everal  Btep-fbrmed  plaina  moat  be  croased,  all  of  iriiidi 
have  neceaearily  reqaired  longtime  for  their  fonnation; 
benee  the  lowest  or  ninety  feet  plain,  with  its  vaper- 
ficial  bed  containing  the  remains  of  tbe  Macnnchenia, 
most  have  been  formed  very  long  subsequmtlj  to  the 
period  when  the  1,400  feet  plain  was  beneath  the  aea, 
and  boulders  were  dropped  on  it  from  floating  massea 
of  ice.*     Air.  Lyell's  conclusion,  therefore,  is  thus  fax 
confirmed  in  the  southern  hemisphere ;  and  it  is  tbe 
more  important,  as  one  is  naturally  tempted  to  admit 
so  simple  an  explanation,  that  it  was  tbe  ice-period 
that   caused   tbe  extinction  of    tbe   numerous    great 

'  'Oeologicsl  Proceeding.'  toL  it.  p.  36. 

'  It  maW  nil  be  itxfetmA  from  th««e  renutrkt.  tJint  the  ice-mtion  efatd 
io  South  Amtriea  Bt  thiaromnimivelf  ancient  period  ;  for  in  Tern  del 
Focffo  Unl4erv  vera  prDhably  traDiiparteil  contf  mpontneoiuly  with,  if 
out  nbwqaeDtl;  to,  tbe  fornudon  of  the  nitiet;  feet  plain  at  S.  Jnliwi. 
sod  »t  other  [luti  of  the  cout  of  PatngoDia. 
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mammifers  which   so    lately   swarmed  over  the  two 
Americas. 

SvuraTnary  and  conclucUng  remarks  on  the  Pam- 
peon  Formatwa. — One  of  its  most  striking  features  is 
its  great  extent ;  I  passed  continuously  over  it  from  the 
Colorado  to  St.  Fe  Bajada^  a  distance  of  500  geographical 
miles ;  and  M.  d'Orbigny  traced  it  for  250  miles  farther 
Borth.  In  the  latitude  of  the  Plata,  I  examined  this 
formation  at  intervals  over  an  east  and  west  line  of 
300  miles  from  Maldonado  to  the  Hiver  Carcarana;  and 
M.  d'Orbigny  believes  it  'extends  100  miles  farther 
inland :  from  Mr.  Caldcleugh's  travels,  however,  I  should 
have  thought  that  it  had  extended,  south  of  the  Cordo- 
vese  range,  to  near  Mendoza,  and  I  may  add  that  I 
beard  of  great  bones  having  been  found  high  up  the 
River  Qviinto.  Hence  the  area  of  the  Pampean  forma- 
tion, as  remarked  by  M.  d'Orbigny,  is  probably  at  least 
equal  to  that  of  France,  and  perhaps  twice  or  thrice 
as  great.  In  a  basin,  siurounded  by  gravel-cliflF  (at  a 
height  of  nearly  3,000  feet),  south  of  Mendoza,  there 
is,  as  described  in  the  tenth  chapter,  a  deposit  very  like 
the  Pampean,  interstratified  with  other  matter;  and 
again  at  S.  Julian's,  in  Patagonia,  560  miles  «outh  of 
the  Colorado,  a  small  irregular  bed  of  a  nearly  similar 
nature  contains,  as  we  have  just  seen,  mammiferous 
remains.  In  the  provinces  of  Moxos  and  Chiquitos 
(1,000  miles  northward  of  the  Pampas),  and  in  Bolivia, 
at  a  height  of  4,000  metres,  M.  d'Orbigny  has  described 
similar  deposits,  which  he  believes  to  have  been  formed 
by  the  same  agency  contemporaneously  with  the  Pam- 
pean formation.  Considering  the  immense  distances 
between  these  several  points,  and  their  different  heights, 
it  appears  to  me  infinitely  more  probable,  that  this 
similarity  has  resulted  not  from  contemporaneousness  of 
origin,  but  from  the  similarity  of  the  rocky  framework 
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cf  the  continent :  it  \»  known  that  in  Brazil  an  ii 
urea  consists  of  gneissic   rocks,  and  we  shall  hereaf  . , 
see,  over  how  great  a  length  the  plutonic  rocks  of     ^ 
Cordillera,   the  overlying  purple  porphyries,  and 
traehytic  ejections,  are  almost  identical  in  nature.     " 

Three  theories  on  the  origin  of  the  Pampean  form  ' 
tion  have  been  propounded: — First,  that  of  a  great™ 
debacle  by  M.  d'Orbigny;  thia  seems  founded  chieByJ'* 
on  the  absence  of  stratification,  and  on  the  number  of^ 
embedded  remains  of  terrestrial  quadrupeds.  Althoiii;h 
the  Pampean  formation  (like  so  many  argillacei 
deposits)  is  not  divided  into  distinct  and  separate  strat 
yet  we  have  seen  that  in  one  good  section  it  was  striped 
with  horizontal  zones  of  coloui:,  and  that  in  sev 
specified  places  the  upper  and  lower  parts  differed,  not 
only  considerably  in  colour,  but  greatly  in  constitution. 
In  the  southern  part  of  the  Pampas  the  upper  mass  f  to 
.1  certain  extent  stratified)  generally  consists  of  hard 
tosea-rock,  and  the  lower  part  of  red -Pampejin  mud. 
often  itself  divided  into  two  or  more  masses,  varying  in 
colour  and  in  the  quantity  of  included  calcareoiis  matt^jr. 
In  western  Banda  Oriental,  beds  of  a  similar  nature, 
but  of  a  greater  age,  conformably  underlie  and  are 
intercalated  with  the  regularly  stratified  tertiary  forma- 
tion. As  a  general  rule,  the  marly  concretions  are 
arranged  in  horizontal  lines,  sometimes  imited  into 
irregular  strata :  surely,  if  the  mud  had  been  tumul- 
tuously  deposited  in  mass,  the  included  calcareous 
matter  would  have  segregated  itself  irregularly,  and 
not.  into  nodules  arranged  in  horizontal  lines,  one  above 
the  other  and  often  far  apart :  this  arrangement  appears 
to  me  to  prove  that  mud,  differing  slightly  in  coraposi- 
tion,  was  successively  and  quietly  deposited.  On  the 
theory  of  a  debacle,  a  prodigious  amoimt  of  mud,  with- 
out a  single  pebble,  is  supposed  to  have  been  home  over 
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ens  v^wide  surface  of  the  Pampas,  when  under  water:   on 

ip    .  pother  hand,  over  the  whole  of  Patagonia,  the  same 

%    rtnotfaer  debacle  is  supposed  to  have  borne  nothing 

^     -  gravel, — the  gravel  and  the  fine  mud  in  the  neigh- 

^'.    >  ■  irhood  of  the  Eios  Negro  and  Colorado  having  been 

•m  ^^me  to  an  equal  distance  from  the   Cordillera,   or 

l^reai/inagined  line  of  disturbance  :  assuredly  directly  oppo- 

iefltjsite  effects  ought  not  to  be  attributed  to  the   same 

^r  oji^ency.     Where,  again,  could  a  mass  of  fine  sediment, 

»ugM  charged  with  calcareous  matter  in  a  fit  state  for  chemi- 

eoujeal  segregation,  and  in  quantity  sufficient  to  cover  an 

area  at  least  750  miles  long,  and  400  miles  broad,  to  a 

depth  of  from  twenty  or  thirty  feet  to  a  hundred  feet, 

have  been  accumulated,  ready  to  be  transported  by  the 

ao^i  supposed  debacle  ?     To  my  mind  it  is  little  short  of 

ii^  demonstration,  that  a  great  lapse  of  time  was  necessary 

for  the  production   and   deposition   of  the   enormous 

amount  of  mud-like  matter  forming  the  Pampas ;  nor 

should  I  have  noticed  the  theory  of  a  debacle,  had  it 

not    been   adduced    by    a    naturalist   so   eminent  as 

M.  d'Orbigny. 

A  second  theory,  first  suggested,  I  believe,  by  Sir 
W.  Parish,  is  that  the  Pampean  formation  was  thrown 
down  on  low  and  marshy  plains  by  the  rivers  of  this 
country  before  they  assumed  their  present  courses. 
The  appearance  and  composition  of  the  deposit,  the 
manner  in  which  it  slopes  up  and  round  the  primary 
^  ranges,  the  nature  of  the  underlying  marine  beds,  the 
^  estuary  and  sea-shells  on  the  surface,  the  overlying 
sandstone  beds  at  M.  Hermoso,  are  all  quite  opposed 
to  this  view.  Nor  do  I  believe  that  there  is  a  sing^le 
instance  of  a  skeleton  of  one  of  the  extinct  mammifers 
having  been  found  in  an  upright  position,  as  if  it  had 
been  mired. 

The  third  theory,  of  the  truth   of  which  I  cannot 


entertain  the  smallest  doubt,  is  that  the  Pampean  for- 
matioa  was  slowly  accumulated  at  tbe  raoiith  of  %be 
former  estuary  of  the  Plata  and  in  the  sea  adjoining  it. 
I  have  come  to  this  concluBion  from  tbe  reason§  aiisigned 
against  the  two  foregoing  theories,  aud  from  simple 
geographical  considerations.  From  the  niimerous  shells 
of  the  Azara  labiata  lying  loose  on  the  surface  o"f  the 
plains,  and  near  Buenos  Ayres  embedded  in  the  tosca- 
rock,  we  know  that  this  formation  not  only  was  formerly 
covered  by,  but  that  the  uppermost  parts  were  deposited 
in,  the  brackish  water  of  tbe  ancient  La  Plata.  South- 
ward and  seaward  of  Buenos  Ayres,  the  plains  were 
upheaved  from  under  water  inhabited  by  true  marine 
shells.  We  further  know  from  Professor  Ehrenberg'a 
examination  of  the  twenty  microscopical  organisms  in  . 
the  mud  round  tbe  tooth  of  the  Mastodon  high  up  the 
oonrse  of  tbe  Parana,  that  the  bottom-most  part  of 
this  fbrmation  was  of  brackish-water  origin.  A  similar 
conclusion  munt  be  extended  to  the  beds  of  like  com- 
positioD,  at  the  level  of  the  sea  and  under  it,  at 
M.  Hermoso  in  Bahia  Blanca.  Dr.  Carpenter  finds 
that  the  harder  varieties  of  tosca-rock,  collected  chiefly 
to  the  south,  contain  marine  spongoid  bodi^,  minute 
fragments  -of  shells,  corals,  and  Polythalamia ;  these 
perhaps  may  have  been  drifted  inwards  by  the  tides, 
from  the  more  open  parts  of  the  sea.  The  absence  of 
shells,  throughout  this  deposit,  with  the  exception  of 
the  uppermost  layers  near  Buenos  Ayres,  is  a  remark- 
able fact :  can  it  be  explained  by  tbe  brackish  condition 
of  the  water,  or  by  the  deep  mud  at  the  bottom  ?  I 
have  stated  that  both  the  reddish  mud  and  the  concre- 
tions of  tosca-rock  are  often  penetrated  by  minute, 
linear  cavities,  such  as  frequently  may  be  o)>served  in 
fresh-water  calcareous  deposits : — were  they  produced 
by  tbe  burrowing  of  small  worms  ?     Only  on  this  viev 
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of  the  Pampean  formation  having  been  of  estuary 
origin,  can  the  extraordinary  numbers  (presently  to  be 
alluded  to)  of  the  embedded  mammiferous  remains  be 
explained.^ 

With  respect  to  the  first  origin  of  the  reddish  mud, 
I  will  only  remark,  that  the  enormous  area  of  Brazil 
consists  in  chief  part  of  gneissic  and  other  granitic  rocks, 
which  have  suffered  decomposition,  and  been  converted 
into  a  red,  gritty,' argillaceous  mass,  to  a  greater  depth 
than  in  any  other  country  which  I  have  seen.  The 
mixture  of  rounded  grains,  and  even  of  small  fragments 
and  pebbles  of  quartz,  in  the  Pampean  mud  of  Banda 
Oriental,  is  evidently  due  to  the  neighbouring  and 
underlying  primary  rocks.  The  estuary  mud  was  drifted 
during  the  Pampean  period  in  a  much  more  southerly 
source,  owing  probably  to  the  east  and  west  primary 
ridges  south  of  the  Plata  not  having  been  then  elevated, 
than  the  mud  of  the  Plata  at  present  is ;  for  it  was 
formerly  deposited  as  far  south  as  the  Colorado.  The 
quantity  of  calcareous  matter  in  this  formation,  espe- 
cially in  those  large  districts  where  the  whole  mass 
passes  into  tosca-rock,  is  very  great :  I  have  already 
remarked  on  the  close  resemblance  in  external  and 
microscopical  appearance,  between  this  tosca-rock  and 
the  strata  at  Coquimbo,  which  have  certainly  resulted 
from  the  decay  and  attrition  of  recent  shells  :  *    I  dare 

'  It  is  almost  superfluous  to  give  the  numerous  cases  (for  instance, 
in  Sumatra;  Lyell's  'Principles,'  vol.  iii.  p.  325,  sixth  edit.),  of  the 
carcases  of  animals  having  been  waslicd  out  to  sea  by  swollen  rivers; 
but  1  may  refer  to  a  recent  account  by  Mr.  Bettington  ('Asiatic  Soc.* 
1845,  June  2l8t),  of  oxen,  deer,  and  bears  being  carried  into  the  Gulf  of 
Cambray  ;  see,  also,  the  account  in  my  'Journal'  (2nd  tnlit.  p.  133),  of 
the  numbers  of  animals  drowned  in  the  Plata  during  the  great,  often 
recurrent,  d rough t«. 

•  I  may  add,  that  there  are  nearly  similar  superficial  calcareous 
l)eds  at  King  George's  Sound  in  Australia;  and  these  undoubtedly 
have  been  found  by  the  disintegration  of  marine  remains  (see  Chap- 
ter VII.).  There  is,  however,  something  very  remarkable  in  the 
frequency   of  superficial,  thin   beds  of  earthy  calcareous   matter,   in 
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not,  however,  extend  this  concliision  to  the  calcareous 
rocks  of  the  Pampas,  more  especially  as  the  underlying 
tertiary  strata  in  Western  Banda  Oriental,  show  that  at 
that  period  there  was  a  copious  emission  of  carbonate 
of  lime,  in  connection  with  volcanic  action. 

The  Pampean  formation,  judging  from  its  fiimilar 
composition,  and  from  the  apparent  absolute  specific 
identity  of  eomo  of  its  mammiferons  remains,  and  from 
the  generic  resemhiance  of  others,  belongs  over  its  vast 
area — throughout  Banda  Oriental,  Entre  Rios,  and  the 
wide  extent  of  the  Pampas  as  far  south  as  the  Colorado, 
— to  the  same  geological  epoch.  The  mammiferous 
remains  occur  at  all  depths  from  the  top  to  the  bottom 
of  the  deposit ;  and  I  may  add  that  nowhere  in  the 
Pampas  is  there  any  appearance  of  much  superficial 
denudation :  some  bones  which  I  found  near  the 
Guardia  del  Moute  were  embedded  close  to  the  sur&ce; 
and  this  appears  to  have  been  the  case  with  many  of 
those  discovered  in  Banda  Oriental :  on  the  Matanzas, 
twenty  miles  south  of  Buenos  Ayres,  a  Crljptodon  waa 
embedded  five  feet  beneath  the  surface;  numerous 
remains  were  found  by  S.  Muniz,  near  Luxan,  at  an 
average  depth  of  eighteen  feet;  in  Buenos  Ayres  . a 
skeleton  was  disinterred  at  sixty  feet  depth,  and  on  the 
Parana  I  have  described  two  skeletons  of  the  Mastodon 
only  five  or  six  feet  above  the  very  base  of  the  deposit 
With  respect  to  the  age  of  this  formation,  as  judged  of 
by  the  ordinary  standard  of  the  existence  of  Mollusca, 

districla  where  thBemrouDdiDgrooka  are  notcalwreouB.  Major  CharUw* 
in  a  Papfr  read  Wfoce  the  Rojnl  Geographiml  Society  (April  13tl»' 
inn,  and  Bbetrapled  in  the  '  Athendeum,'  p.  317).  slates  that  this  is  th» 
Que  in  pnrts  of  Meiini.  nod  that  he  hiw  observed  timilitr  nppearancM 
in  many  parts  of  South  Africa.  The  cipoumsMnco  of  the  uppermoil 
atratum  round  the  rugged  Sierm  Ventnna.  couBistinj;  of  oalcareous  or 
marl;  matter.  vithouC  any  «ov?ritig  of  alluTial  matter,  strikes  me  u 
very  bini^Iur,  in  whatever  manner  we  view  the  deposition  and  elcTatioB 
of  the  Pampeuo  fonoalion. 
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1I7  evidence  within  the  limits  of  the  troe  FSampas 
is  at  an  trofltworthy^is  afforded  by  the  still  living 
I  labiata  being  embedded  in  tosca^iock  near 
Ml  Ayrea.  At  Punta  Alta,  however,  we  have  seen 
eveial  of  the  extinct  mammifers,  most  charaoter- 
ff  the  Pampean  formation,  co-ezisted  with  twenty 
i  of  Mollnsca,  a  barnacle  and  two  corals,  all  still 
on  this  same  coast; — for  when  we  remember 
he  shells  have  a  more  ancient  appearance  than 
mes ;  thai  many  of  the  bones,  though  embedded 
oarse  conglomerate,  are  perfectly  preserved ;  that 
b  all  the  parts  of  the  skeleton  of  the  Scelidothe- 
even  to  the  knee-cap,  were  lying  in  their  proper 
re  positions ;  and  that  a  large  piece  of  the  fragile 
il  armour  of  a  Dasypoid  quadruped,  connected 
K>me  of  the  bones  of  the  foot,  had  been  entombed 
condition  allowing  the  two  sides  to  be  doubled 
ler,  it  must  assuredly  be  admitted  that  these 
niferous  remains  were  embedded  in  a  fresh  state, 
herefore  that  the  living  animals  co-existed  with 
>-embedded  shells.  Moreover,  the  Mctcra^uchenia 
^Jumica  (of  which,  according  to  Professor  Owen, 
ns  also  occur  in  the  Pampas  of  Buenos  Ayres,  and . 
nta  Alta)  has  been  shown  by  satisfiictory  evidence 
other  kind,  to  have  lived  on  the  plains  of  Pata- 
long  after  the  period  when  the  adjoining  sea  was 
tenanted  by  its  present  commonest  molluscous 
lis.  We  must,  therefore,  conclude  that  the  Pam- 
formation  belongs,  in  the  ordinary  geological 
of  the  word,  to  the  Recent  Period.* 
b  St.  Fe  Bajada,  the  Pampean  estuary  formation, 
its  mammiferous  remains,  conformably  overlies 


L  d'Orbigny  believes  (*  Voyage,  Part  Gtolog.*  p.  81)  that  this 
OD,  though,  '  tr6fl  voisine  de  la  nStre,  est  n^nmoins  de  beauAoai^ 
ore  4  notre  cr^tion/ 
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■  tertiarv  strata,  which  (as  first  shown  by 
M.  d'Orbigny)  are  contemporaneous  with  those  of 
Patagonia,  and  wliicb,  as  we  shall  hereafter  see,  belong 
to  a  very  ancient  tertiary  stage.  When  examining  the 
junction  between  these  two  formations,  I  thought  that 
the  concretionary  layer  of  marl  marked  a  passage  be- 
tween the  marine  and  estuary  stages.  M.  d'Orbigny 
disputes  this  view  (as  given  in  my  Journal),  and  I  admit 
that  it  is  erroneous,  though  in  some  degree  excusable, 
from  their  conformability  and  from  both  aliounding 
with  calcareous  matter.  It  would,  indeed,  have  been  a 
j^reat  anomaly  if  there  had  been  a  true  passage  between 
a  deposit  contemporaneous  with  existing  species  of 
MoUusca,  and  one  in  which  all  the  mollusca  appear  to 
-beestinct.  Xortbwsrd  of  St.  Fe,  M.  d'Orbigny  met 
with  ferruginous  sandstones,  marly  rocks,  and  other 
beds,  which  be  considers  as  a  distinct  and  lower  forma> 
tion  ;  but  the  evidence  that  they  are  not  parts  of  the 
same  with  an  altered  mineralogical  character,  does  oot 
appear  to  me  quite  satistactorr. 

In  Western  Banda  Oriental,  whilst  the  marine  ter- 
tiary strata  were  accumulating,  there  were  volcanic 
eruptions,  much  silei  and  lime  were  precipitated  from 
solution,  coarse  conglomerates  were  formed,  being  de- 
rived probaUy  from  adjoining  land,  and  layers  of  red 
mud  and  marly  rocks,  like  those  of  the  Pampean  fcov 
mation,  were  occafionally  deposited.  The  tirie  Pampean 
deposit,  with  mammiferous  remains,  in^-tead  of  as  at 
St.  F^  OTerljing  conformably  the  tertiary  strata,  i* 
here  seen  at  a  lower  level  folding  round  and  between 
the  flat-topped,  cliff-bounded  hiUe,  formed  by  tbe  up- 
heaval and  denudation  of  these  same  tertiarr  strata. 
Tbe  upheat-al,  having  occurred  here  earlier  than  at 
St.  Fe,  may  be  naturally  aceounied  for  by  the  ctMitero- 
ponaeoJis   volcanic  action.     At   tbe  Barrancas  de  S. 
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Gr^^orio,  the  Pampean  deposit,  as  we  have  seen,  over- 
lies and  fills  up  furrows  in  coarse  sand,  precisely  like 
that  now  accumulating  on  the  shores  near  the  mouth  of 
the  Plata.  I  can  hardly  believe  that  this  loose  and 
coarse  sand  is  contemporaneous  with  the  old  tertiary 
and  often  crystalline  strata  of  the  more  western  parts 
of  the  province  ;  and  am  induced  to  suspect  that  it  is 
of  subsequent  origin.  If  that  section  near  Colonia 
could  be  implicitly  trusted,  in  which,  at  a  height  of 
only  fifteen  feet  above  the  Plata,  a  bed  of  fresh-looking 
mussels,  of  an  existing  littoral  species,  appeared  to  lie 
between  the  sand  and  the  Pampean  mud,  I  should  con 
elude  that  Banda  Oriental  must  have  stood,  when  the 
coarse  sand  was  accumulating,  at  only  a  little  below  its 
present  level,  and  had  then  subsided,  allowing  the 
estuary  Pampean  mud  to  cover  far  and  wide  its  surface 
up  to  a  height  of  some  hundred  feet ;  and  tliat  after 
this  subsidence  the  province  had  been  uplifted  to  its 
present  level. 

In  Western  Banda  Oriental,  we  know,  from  two 
unequivocal  sections,  that  there  is  a  mass,  absolutely 
undistinguishable  from  the  true  Pampean  deposit,  be- 
neath the  old  tertiary  strata.  This  inferior  mass  must 
be  very  much  more  ancient  than  the  upper  deposit  with 
its  mammiferous  remains,  for  it  lies  beneath  the  ter- 
tiary strata  in  which  all  tlie  shells  are  extinct.  Never- 
theless, the  lower  and  upper  masses,  as  well  as  some 
intermediate  layers,  are  so  similar  in  mineralogical 
character,  that  I  cannot  doubt  that  they  are  all  of 
estuary  origin,  and  have  been  derived  from  the  same 
great  source.  At  first  it  appeared  to  me  extremely 
improbable,  tliat  mud  of  the  same  nature  should  have 
been  deposited  on  nearly  the  same  spot,  during  an  im- 
mense lapse  of  time,  namely,  from  a  period  equivalent 
perhaps  to  the  Eocene  of  Europe  to  thai  oiW^e^^Ta- 
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peui  formation.  But  ag,  at  the  rerr  cummeDceraent 
of  the  I^nipeaii  period,  if  not  at  a  ^H  earlier  period, 
tfav  Sierra  Ventjina  formed  a  )>ouiulary  to  the  south, — 
the  Cordillera  or  the  piaiDs  in  front  of  them  to  tiie  | 
weA, — the  wliole  province  of  Conientes  probably  to 
\be  north,  fur,  acvording  to  M.  d'Orbigny,  it  ia  not 
eover«d  by  the  Pampean  deport, — and  Brazil,  ae  known 
by  tho  n^mains  in  the  caves,  to  the  north-ea^t ;  and  as 
again,  during  the  older  tertiary  period,  land  already 
exiflted  in  Western  banda  Oriental  and  near  St,  Fe 
Bujada,  as  may  be  inferred  from  the  vegetable  debris, 
from  tbe  qtmntitie)!  of  silicified  wood,  and  from  the 
remains  of  a  Toxodon  foimd,  according  to  M.  d'Orbigny, 
in  Btill  lower  strata,  we  may  conclude,  that  at  this  an- 
cient period  a  great  expanse  of  water  was  surrouoded 
by  tbe  same  rocky  framework  which  now  boimda  the 
plains  of  Pampean  formation.  This  having  been  the 
case,  the  circumstance  of  sediment  of  the  same  nature 
having  been  deposited  in  the  same  area  during  an  im- 
mense lapse  of  time,  though  highly  remarkable,  does 
not  appear  incredible. 

The  elevation  of  the  Pampas,  at  least  of  the  southera 
parts,  has  been  slow  and  inteirupted  by  several  periods 
of  rest,  as  may  be  inferred  ftom  the  plains,  cliffs,  and 
lines  of  sand-dunes  (with  shells  and  pumice-pebbles) 
standing  at  different  heights.  I  believe,  also,  that  the 
Pampean  mud  continued  to  be  deposited,  after  parts  of 
this  formation  had  already  been  elevated,  in  the  same 
manner  as  mud  would  continue  to  be  deposited  in  the 
estuary  of  the  Plata,  if  the  mud-banks  on  its  shores 
were  now  uplifted  and  changed  into  plains :  I  believe 
in  this  from  the  improbability  of  so  many  skeletons 
and  bones  having  been  accumulated  at  one  spot,  where 
M.  Hermoso  now  stands,  at  a  depth  of  between  600  and 
1,000  teet,  and  at  a  vast  distance  &om  auy  laud  except 
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small  rocky  islets, — ^as  must  have  been  the  case,  if  the 
high  -  tosca-plain  round  the  Ventana  and  adjoining 
Sierras,  had  not  been  already  uplifted  and  converted 
intx>  land,  supporting  mammiferous  animals.  At  Punta 
Alta  we  have  good  evidence  that  the  gravel-strata, 
which  certainly  belong  to  the  true  Pampean  period, 
were  accumulated  after  the  elevation  in  that  neighbour- 
hood of  the  main  part  of  the  Pampean  deposit,  whence 
the  rounded  masses  of  tosca-rock  were  derived,  and 
that  rolled  fragment  of  black  bone  in  the  same  peculiar 
condition  with  the  remains  at  Monte  Hermoso. 

The  number  of  the  mammiferous  remains  embedded 
in  the  Pampas  is,  as  I  have  remarked,  wonderful :  it 
should  be  borne  in  mind  that  they  have  almost  exclu- 
sively been  found  in  the  clififs  and  steep  banks  of  rivers, 
and  that,  until  lately,  they  excited  no  attention  amongst 
the  inhabitants :  I  am  firmly  convinced  that  a  deep 
trench  could  not  be  cut  in  any  line  across  the  Pampas, 
without  intersecting  the  remains  of  some  quadruped. 
It  is  diflBcult  to  form  an  opinion  in  what  part  of  the 
Pampas  they  are  most  numerous ;  in  a  limited  spot 
they  could  not  well  have  been  more  numerous  than 
they  were  at  P.  Alta  ;  the  number,  however,  lately  found 
by  Seiior  F.  Muniz,  near  Liizan,  in  a  centi*al  spot  in 
the  Pampas,  is  extraordinarily  great :  at  the  end  of 
this  chapter  I  will  give  a  list  of  all  the  localities  at 
which  I  have  heard  of  remains  having  been  discovered. 
Very  frequently  the  remains  consist  of  almost  perfect 
skeletons ;  but  there  are,  also,  numerous  single  bones, 
as  for  instance  at  St.  Fe.  Their  state  of  preservation 
varies  much,  even  when  embedded  near  each  other :  I 
saw  none  others  so  perfectly  preserved  as  the  heads  of 
the  Toxodon  and  Mylodon  from  the  white  soft  earthy 
bed  on  the  Sarandis  in  Banda  Oriental.   It  is  remarkable 
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that  Id  two  limited  sections  I  found  no  less  than  five 
teeth  separately  embedded  and  I  heard  of  teeth  having 
been  aimilarly  found  in  other  parts ;  may  we  suppose 
that  the  skeletons  or  heads  were  for  a  long  lime  gently 
drifted  by  currents  over  the  soft  muddy  bottom,  and 
that  the  teeth  occasionally,  here  and  there,  dropped 
out? 
I  It  may  be  natiu-ally  asked,  where  did  these  numerous 

animals  live?  From  the  remarkable  discoveries  of 
MM.  Lund  and  Clausen,  it  appears  ttuit  some  of  the 
species  found  in  the  Pampas  inhabited  the  high-lands 
of  Brazil :  the  Maated&n  Awlium.  is  embedded  at  great 
heights  in  the  Cordillera  from  north  of  the  equator '  to 
at  least  as  far  south  as  Tarija ;  and  its  tliere  is  no  higher 
land,  there  can  be  little  doubt  that  this  Mastodon  must 
have  lived  on  the  plains  and  valleys  of  that  great  range. 
These  countries,  however,  appear  too  far  distant  for 
the  habitation  of  the  individuals  entombed  in  the 
Pampas :  we  must  probably  look  to  nearer  points,  for 
instance  to  the  province  of  Corrientes,  which,  aa  already 
remarked,  is  said  not  to  be  covered  by  the  Pampeaa 
formation,  and  may  therefore,  at  the  period  of  it« 
deposition,  have  existed  as  dry  land.  I  have  already 
given  my  reasons  for  believing  that  the  anlmab  em- 
bedded at  M,  HermoEO  and  at  P.  Alta  in  Bahia  Blanca, 
lived  on  adjoining  land,  formed  of  parts  of  the  already 
elevated  Pampean  deposit.  With  respect  to  the  food 
of  these  many  great  extinct  quadrupeds,  I  will  not 
repeat  the  facts  given  in  my  Journal  (second  edit.  p.  85), 
showing  that  there  is  no  correlation  between  the  luxuri- 
ance of  the  vegetation  of  a  country  and  the  size  of  its 

'  Hanilwlilt  BtAtss  that  tbe  Mnstodon  lias  bwn  diEcorered  in  N«w 
Grnnadn  :  it  has  been  found  in  Quito.  'When  St  Lima.  I  a&w  a  tooth  at 
a  Maetodon  In  tbe  poeaeisioD  of  Dod  M.  Kirero,  found  at  Pluya  Cbks 
on  the  MoranoD,  Dear  the  Qoallagit.  Ererj'  one  haa  heatd  of  the 
Dameroni  renuuna  of  Mutodon  in  BoUm. 
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axnmiferous  inhabitants.  I  do  not  doubt  that  large 
limals  could  now  exist,  as  far  as  the  amount,  not  kind, 
'  vegetation  is  concerned,  on  the  sterile  plains  of  Bahia 
lanca  and  of  the  B.  Negro,  as  well  as  on  the  equally, 
not  more  sterile  plains  of  Southern  Africa,  The 
imate,  however,  may  perhaps  have  somewhat  deterior- 
;ed  since  the  mammifers  embedded  at  Bahia  Blanca 
ved  there ;  for  we  must  not  infer,  from  the  continued 
dstence  of  the  same  shells  on  the  present  coasts,  that 
lere  has  been  no  change  in  climate ;  for  several  of 
lese  shells  now  range  northward  along  the  shores  of 
razil,  where  the  most  luxuriant  vegetation  flourishes 
nder  a  tropical  temperature.  With  respect  to  the 
Etinction,  which  at  first  fills  the  mind  with  astonish-, 
lent,  of  the  many  great  and  small  mammifers  of  this 
eriod,  I  may  also  refer  to  the  work  above  cited  (second 
iit.  p.  173),  in  which  I  have  endeavoured  to  show,  that 
owever  unable  we  may  be  to  explain  the  precise  cause, 
'6  ought  not  properly  to  feel  more  surprised  at  a  species 
ecoming  extinct  than  at  one  being  rare ;  and  yet  we 
re  accustomed  to  view  the  rarity  of  any  particular 
pecies  as  an  ordinary  event,  not  requiring  any  extra- 
rdinary  agency. 

The  several  mammifers  embedded  in  the  Pampean 
jrmation,  which  mostly  belong  to  extinct  genera,  and 
3me  even  to  extinct  families  or  orders,  and  which  differ 
early,  if  not  quite,  as  much  as  do  the  Eocene  mammifers 
f  Europe  from  living  quadrupeds  having  existed  con- 
emporaneously  with  JNIolIusca,  all  still  inhabiting  the 
.djoining  sea,  is  certainly  a  most  striking  fact.  It  is, 
lowever,  far  from  being  an  isolated  one ;  for,  during 
he  late  tertiary  deposits  of  Britain,  an  elephant,  rhi- 
loceros,  and  hippopotamus  co-existed  with  many  recent 
and  and  fresh-water  shells ;  and  in  North  America,  we 
lave   the   best   evidence   that   a  mastodon,  elephant, 


megatheriiuD,  megalonyi,  mylodon,  an  extinct  horse 
and  ox,  likewise  co-existed  with  numerous  land,  &«sh- 
wat«r,  and  marine  recent  sheila.'  The  enumeration  of 
these  extinct  North  American  animals  naturally  leads 
me  to  refer  to  the  former  closer  relation  of  the 
mammiferous  inhabitants  of  the  two  Americas,  which 
I  have  discussed  in  my  Journal,  and  likewise  to  the 
vast  extent  of  country  over  which  eomo  of  them  ranged : 
thiiH  the  same  species  of  the  Megatherium,  MegaXonyx, 
EquuB  (as  far  as  the  state  of  their  remains  permits  of 
identilication),  estended  fix»m  the  Southern  United 
8tiit«B  of  North  America  to  Bahia  Blanca,  in  lat.  39°  8., 
on  the  coast  of  Patagonia.  The  fact  of  these  animals 
having  inhabited  tropical  and  temperate  regions,  does 
not  appear  to  me  any  great  diflRculty,  seeing  that  at 
the  Cape  of  Grood  Hope  several  quadrupeds,  such  as  the 
elephant  and  hippopotamus,  range  from  the  Equator  to 
lat.  36°  south.  The  case  of  the  Mastodon  Andium  is 
one  of  more  difficulty,  for  it  is  found  from  lat.  Stj"  S., 
over,  as  I  have  reason  to  believe,  nearly  the  whole  of 
Brazil,  and  up  the  Cordillera,  to  regions  which,  according 
to  M.  d'Orbigny,  border  on  perpetual  snow,  and  which 
are  almost  destitute  of  vegetation:  undoubtedly  the 
climate  of  the  Cordillera  must  have  been  different  when 
the  mastodoii  inhabited  it;  but  we  should  not  forget 
the  case  of  the  Siberian  mammoth  and  rhinoceros,  as 
showing  how  severe  a  climate  the  larger  pachydermata 
can  endure  ;  nor  overlook  the  fact  of  the  guanaco  rang^ 
ing  at  the  present  day  over  the  hot  low  deserts  of  Peru, 
the  lotty  pinnacles  of  the  Cordillera,  and  .the  damp 
forest-clad   land   of  Southern   Tierra  del  Fuego ;  the 

■  Hanj  original  obsrrTationt,  and  n  snmmary  on  tliia  aobject,  ai* 
giTen  in  Mr,  LyeWs  papvr  in  th«  '  Oralog.  Proc.'  vol.  iv.  p.  3.  and  inhU 
'Tmi'eU  in  Nonb  America,'  vol.  i.  p.  164,  aDd  toI.  ii.  p.  60.  For  tb* 
European  aaali^uB  cum,  •««  Ui.  Ljell's  '  Principles  of  Qeologr '  (ftk 
edit.)  Tol.  i.  p.  137. 
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puma,  also,  is  found  from  the  equator  to  the  Strait  of 
Magellan,  and  I  have  seen  its  footsteps  only  a  little 
below  the  limits  of  perpetual  snow  in  the  Cordillera  of 
Chile. 

At  the  period,  so  recent  in  a  geological  sense,  when 
these  extinct  mammifers  existed,  the  two  Americas 
must  have  swarmed  with  quadrupeds,  many  of  them  of 
gigantic  size  ;  for,  besides  those  more  particularly 
referred  to  in  this  chapter,  we  must  include  in  this 
same  period  those  wonderfully  numerous  remains,  some 
few  of  them  specifically,  and  others  generically  related 
to  those  of  the  Pampas,  discovered  by  MM.  Lund  and 
Clausen  in  the  caves  of  Brazil.  Finally,  the  facts  here 
given  show  how  cautious  we  ought  to  be  in  judging  of 
the  antiquity  of  a  formation  from  even  a  great  amount 
of  difference  between  the  extinct  and  living  species  in 
any  one  class  of  animals  ; — we  ought  even  to  be  cautious 
in  accepting  the  general  proposition,  that  change  in 
organic  forms  and  lapse  of  time  are  at  all,  necessarily, 
correlatives. 


SUPPLEMENT. 

On  the  Thickness  of  the  Pampean  Formation^  near 

Buenos  Ayres. 

Republished  from  the  'Proc.  of  the  Geological  Soc.'  Dec.  3,  1862. 

M.  Sourdeaux  and  J.  Coghlan,  Esq.,  C.E.,  have  had  the 
kindness  to  send  me,  through  E.  B.  Webb,  Esq.,  C.E., 
some  excellent  sections  of,  and  specimens  from,  two 
artesian  wells  lately  made  at  Buenos  Ayres.  I  beg 
permission  to  present  these  specimens  to  the  Geological 
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Society,  as  they  would  be  of  considerable  service  to  any 
one  investigating  tlie  geology  of  that  country.  The 
Pampean  formation  is  in  several  respects  so  interesting, 
from  containing  an  extraordinary  number  of  the  remains 
of  various  extinct  Mamnjifers,  such  as  Megatlienum, 
Mi/lotion,  Maatoilon,  Toxoiion,  &c,,  and  from  its  great 
extent,  stretching  in  a  north  and  south  line  for  at  least 
750  geographical  miles,  and  covering  an  area  fully 
equal  to  that  of  France,  that,  as  it  appears  to  me,  a 
record  ought  to  be  preserved  of  these  Ijorings.  South- 
ward, at  the  Rio  Colorado,  the  Pampean  formation 
meets  the  great  Tertiary  formation  of  Patagonia ;  and 
northward,  at  St.  Fe  Bajada,  it  overlies  this  same  £or-  ' 
mation  with  its  several  extinct  shells. 

In  the  central  region  near  Buenos  Ayres  no  natural 
section  shows  its  thickness ;  but,  by  the  borings  there 
made  in  two  artesian  wells  (figs.  31  and  32),  tha  Pampean 
mud,  with  t«sca-rock,  is  seen  to  extend  downwards 
from  the  level  of  the  Rio  Plata,  to  a  depth  of  sixty-one 
feet,  and  to  this  must  be  added  fifty-&ve  feet  above  the 
level  of  the  river.  These  argillaceous  beds  overlie 
coarse  sand,  containing  the  Azara  labiata  (a  shell 
characteristic  of  the  Pampean  formation),  and  attaining 
a  thickness  of  about  nintey-three  feet.'     So  that  the 

I  The  foUowiDf;  extract  from  the  Report  of  the  borers  relnlca  to  tliis 
b«d:— 'Thebedofjellav.  fiui'l  Bands  betvecn  la-SU  nod  47-20  below 
the  gronnd  contAini  arabterranean  nuendiDg  current,  the  IstpI  of  which 
has  not  varied  by  n  centimetre  for  (hree  j-esre.  Tha  level  is  0"-80 
(S  feet  over  the  level  of  the  welU  at  BarracHs).  This  bed  ('  oapa ')  it 
powerfiilly  abaorbent.  At  68~*30  a  second  eubleminean  current 
('overRoving'),  wna  met.  vhich  rose  one  font  over  the  surface  of  Uie 
ground  al  Barracim.  The  dischai;ge  vas  about  60  pipes  daily,  bat  the 
iiat«r  was  salt  and  nndrinksble.  At  73''3I)  vas  found  a  thiH  aabler- 
ranean  current  ('overflowing'),  whicJi  reached  with  difficulty  the  level 
of  the  ground.  The  discharge  might  be  calciJnted  at  100  pipes  daily. 
The  water  was  very  salt,  and  absorbed  thnt  of  the  first  overflowing 
current.     The  great  spring  was  met  with  at  77''Bft.' 

As  reganls  the  qnnlily  and  abundance  of  the  water.  Mc.  Coghlan 
remarks  that  '  The  quantity  of  water  discharged  per  hour  through  a 
tabe  of  about  4^  iDcbea  in  diametei,  at  a  lersl  of  6  feet  above  higtt; 
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entire  thickness  of  the  great  estuarine  or  Pampean  for- 
mation near  Buenos  Ayres  is  nearly  210  feet. 


No.  81. 

OompantiTe  sectionfl  of  tbe  Artesian  Wells  of  Barracis  and  Buenos  Ajms. 

(Distance,  %\  mile^.) 


Barracas.    Riachnelo. 


Tnenos  Ayres. 


Ubriam    of ' 
the  princi- 
palqNring   ) 


Ist  spring 


High  water 
leYri 


2nd  spring    -    '*"||  ■  ■•Znd  sprlnflr 

Srd  spring     ..-11  ■■*?"*  ^^'^^'^ 

4th  spring     .    .  ^*  ■*- ■  Ia  ^^v     _i 

.  VJV«l4th  spring, 

*■»  ri  I-,     245  feet. 

470  feet 

Thickncfw    Thicknc-« 
at  Burrocas.  at  Bacnos 
Fe<»t       Ayres.  Feet 

a.  Clays  and  Tosca —  hi 

6.  Pand       ....  13  61 

f.  Very  sandy  clay    .        .        .    \ 

d.  Dark  blue  plastic  clay  .        ,    V 47  62 

«•.  Tosca.  with  cnlcnrooua  noduleR ) 

/.  Yellow  sand^,  very  fine  and  fluid  ....        94  45 

water  mark,  was  2,6.58  gallons.  Its  temperature  was  21°  Cent.,  and  it 
had  a  slightly  disagreeable  taste,  from  its  being  impregnated  v\tK  %^\x>^ 
of  lime  and  magnesia,  and  a  small  quantity  of  8ulpYi\ixeVt«di  \r}dto^v^u! 
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i.  TmimT}  da;  tnS  undtunw  (b 


I ;  biwj  thiwi^  lo  4  cleptfi  at 


Tliis  formation  rests  on  various  marine  heds  of  in- 
durated gieea  clay,  sand  with  corals,  eandst^ine,  and 
limestone,  attogetlier   107   feet   iu   thickness.     These 


heds  contain  fragments  of  the  great  Ostrea  Patagonica, 
O.  Alvarezii  (?),  Pecten  Puranensie,  and  other  shells, 
apparently  the  same  (but  they  have  not  been  rigorously 
compared)  with  those  enumerated  by  M.  A.  d'Orbigny 
and  by  myself  as  found  at  St.  Fe  Bajada,  as  well  as  at 
various  points  on  the  coast  of  Patagonia.  The  already 
enormous  continuous  extension  of  the  Patngonian  ter- 
tiary  formation    is   thus   largely   increased.     Beneatli 
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B  beds  a  mass  of  red  calcareoui  clay,  becoming  in 
lower  part  more  and  more  marly,  containing  layers 
sad,  and  of  the  thickness  of  213  feet,  was  bored 
Qgh  to  a  depth  of  470  feet  from  the  level  of  the 
Plata.  This  lower  mass  contained  no  fossils,  and 
ge  IS  of  course  unknown ;  ^  but,  I  may  add,  that  I 
at  two  points  in  Western  Banda  Oriental,  beneath 
marine  tertiary  strata,  beds  of  red  clay  with  marly 
iretions,  which,  from  their  mineralogical  resemblance 
le  overlying  Pampean  formation,  seemed  to  indicate 
at  an  ancient  period  the  Bio  Plata  had  deposited 
astuarine  formation,  subsequently  covered  by  the 
ine  tertiary  beds,  and  these  by  the  more .  modem 
ftrine  formation,  with  its  remains  of  numerous 
ntic  Mammalia ;  and  that,  finally;  the  whole  had 
I  elevated  into  the  present  plains  of  the  Pampas. 


sln^  trtMth  the  region  of  the  Pampas  where  great  bonee  have 

been  found, 

he  following:  list,  which  includes  every  account  which  I  have 
>Tto  met  with  of  the  discovery  of  fossil  mammiferous  remains 
9  Pampas,  may  be  hereafter  useful  to  a  geologist  investigating 
region,  and  it  tends  to  show  their  extraordinary  abundance, 
kid  of  and  saw  many  fossils,  the  original  position  of  which  I 
I  not  ascertain ;  and  I  received  many  statements  too  vague  to 
ere  inserted.  Beginning  to  the  south: — we  have  the  two 
ms  in  Behia  Blanca,  described  in  tihs  chapter,  where,  at  P. 
,  the  Megatherium,  Megalonyx,  Scelidotnerium,  M^lodon. 
phractus  (or  an  allied  genus),  Toxodon,  Macrauchenia,  ana 
quus  were  collected ;  and  at  M.  Hermoso  a  Otenomys,  Hydro- 
us, some  other  rodents  and  the  bones  of  a  great  megatlieroid 
raped.  Close  north-east  of  the  S.  Tapalguen,  we  have  the 
Huesos '  (i.  e.  bones),  which  probably  takes  its  name  from 
fossil  bones.  Near  Villa  Nuevo,  and  at  Las  Averias,  not 
rom  the  Salado,  three  nearly  perfect  skeletons,  one  of  the 
ktherium,  one  of  the  Ghjptodon  clavipesj  and  one  of  some  great 
poid  quadruped,  were  found  by  the  agent  of  Sir  W.  Pariah 

*  It  was  supposed  by  Dr.  Bnrmeister  to  be  Silurian. 


(hw  btB  work  'Buenos  Avru.'&c.p.  171).  I  have  seen  (he  tooth 
i>f  H  MasWon  from  the  fWado  ;  a  Utile  norlbward  "f  this  river, 
mi  ihr^  burdere  of  a  lake  near  the  O.  d»l  Moiit^,  I  aaw  tnanv  bonei, 
and  one  latjie  pece  of  dermal  armour;  hiirher  up  the  Salada.  there 
Vt  a  place  called  Monte  '  I{uesofl.'  Od  the  Matamas,  about  twen^ 
niilni  Routh  of  BueooB  Ayres.  the  akelelon  (vide  p.  17!^,  of '  BaeoiM 
Aynw.'  &e.  by  Sir  W.  Paritih)  of  a  OI\-ptodon  was  fouztd  about 
Hto  foet  beiuMth  the  suiface ;  here  also  (see  '  Cat  of  Bojal  Colle)n 
of  SiirfreoiiH')  remains  of  Ott/ptodon  claripef.  G.  onuiliu.  and  O. 
retKultitiu  were  foaud,  Signor  Anp'li^,  in  a  letter  which  I  bare 
own,  refuni  to  eome  gireat  remaios  found  in  Buenon  Ajres,  at  a 
d>-jilli  of  twenty  varas  ftom  the  surface.  Seven  leairuea  north  of 
thia  oilj  the  name  author  found  the  akelelnna  of  Mi/lalon  rolnufii* 
and  Olijjitoiim  amalni.  From  this  neisrhbourhooii  he  has  lately 
•eot  Ut  the  Briliiih  Museum  the  followiaj;  fossilB  i^Iiemains  of 
three  or  four  individuals  of  Megatheiimu  ;  of  tliree  i<M«ica  of 
ni}rplodon;  of  three  iDdividuHls  of  the  Mnttixlon  Andium  :  of 
Macrauchenia  ;  of  a  aecond  species  of  Toiodon.  different  from  T. 
FlattiKMii;  and  lastly,  of  the  Machairodus,  a  wooderful  lat;^  t»r~ 
nivnrniis  animal.  5[.  d'Orbigtiv  has  I ntelv  received  IVom  the  Rmo- 
latr  ('  Vovng'e.'  Puf.  p,  1441,  ueir  Buei.oa  Avn.-!",  a  tooth  of  Toi  Won 

Froceediofr  northwanl,  along  the  west  bank  of  the  Parana,  we 
come  to  the  Rio  Luxan,  where  two  skeletons  of  the  M^atherium 
have  been  found  ;  and  lately,  within  eight  leafruea  of  the  town  of 
Luxan,  Dr.  F.  X.  Munii  hm  collected  ('  British  Packet,'  Buenoa 
Ayrea,  September  25th,  1641),  from  an  average  depth  of  eighteen 
feet,  very  numerous  remains,  of  no  lesa  than,  as  he  believes,  ulna 
distinct  species  of  mammifen.  At  Areco,  large  bones  have  been 
found,  which  are  believed,  by  the  inhabitants,  to  have  been  clianged 
from  small  bonea,  by  the  water  of  the  river  1  At  Arrecifes,  the 
GlyptodoD,  eeut  to  the  College  of  Surgeons,  was  found ;  and  I 
have  seen  two  teeth  of  a  Mastodon  from  this  quarter.     '  '  " 


Nicolae,  M.  d'Orbigny  found  remains  of  a  Oanis,  Ctenomys,  and 
Kerodon ;  and  M.  Isabelle  ('  Vov-age,'  p.  3-12')  refers  to  a  gigantic 
Armadillo  found  there.     At  S.  Carlos,  I  heard  of  great  bones. 


little  below  the  'mouth  of  the  Carcarana,  the  two  skeletons  of 
Mastodon  were  found  ;  on  the  banks  of  this  river,  near  8.  Miguel, 
•I  found  teeth  of  the  Mastodon  and  Toxodon  ;  and  '  Falkner ' 
(p.  55)  deMribea  the  osseous  armour  of  some  great  animal ;  I  heap] 
of  many  other  Ixinea  in  tiiis  neighbourhood.  I  have  seen  I  may 
add,  in  the  jrasseauon  of  Mr.  Gal'deleugh,  the  tooth  of  a  MaUodo» 
Andium,  said  to  have  been  found  in  Paraguay  ;  I  may  here  also  refer 
to  a  statement  in  thia  gentleman's  travels  (vol.  i,  y.  48),  of  a  great 
skeleton  having  been  found  in  the  proiinoe  of  Bolivia  in  Biazil,  on 
the  R.  de  las  Contaa.  The  farthest  point  westward  in  the  Pampas, 
at  which  I  have  heard  of  fossil  bones,  was  high  up  on  the  banks  of 
the  R.  Quinto. 

lu  Elotre  Rioa,  besides  the  remains  of  tlie  Mastodon,  Toxodon, 
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Equus,  and  a  ^at  Dasjpoid  quadruped  near  St.  F^  Bajada,  I 
leoeiTed  an  account  of  bones  having  oeen  found  a  little  SK.  of 
P.  Grorda  (on  the  Parana),  and  of  an  entire  skeleton  at  Matanzaa, 
on  the  Arroyo  del  Animal. 

In  Banda  Oriental,  besides  the  remains  of  the  Toxodon,  Mylo- 
don,  and  two  skeletons  of  great  animals  with  osseous  armour  (ais- 
tinct  from  that  of  the  Glvptodon),  found  on  the  Arroyos  Sarandis 
and  Berquelo,  M.  Isabelle  ('  Voyage/  p.  322)  says,  many  bones 
have  been  found  near  the  R.  Negro,  and  on  the  R.  Arapey,  an  affluent 
of  the  Paraguay,  in  lat.  30^  4(y  south.  I  heard  of  Dones  near  the 
aource  of  the  A.  ViVoras.  I  saw  the  remains  of  a  Dasypoid  quad- 
ruped from  the  Arroyo  Seco,  close  to  M.  Video ;  and  M.  d*Oroigny 
xelers  ('  Voyage,  G^olog.|  p.  24)  to  another  found  on  the  Pedemal, 
an  affluent  of  the  St.  Lucia  ;  and  Signer  Angelis,  in  a  letter,  states 
that  a  third  skeleton  of  this  family  has  been  found,  near  Oane- 
lonea.  I  saw  a  tooth  of  the  Mastodon  from  Talas,  another  affluent 
of  the  St.  Lucia.  The  most  eastern  point  at  which  I  heard  of 
ffreat  bones  having  been  found,  was  at  Solis  Grande,  between 
jL  Video  and  Maldonado. 
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^fe  Stgm — S.  Jottf — Part  Dttite,  vihitf  jjmnirtpfu  mtidtlme  with  fe 

'  —Fort  a.  Jvlian—Stmla  Crvi.  bntaiUc  lam  ijf—P.  OaU^n^^^ 
»  TUrraddFutgo;  leava  ofixliad  baeh  Crea—Smmnerjf  m 
U  PatagoniaH  Itrtiarsformaliona — Tertiary furmatiomnf  the  ITMfm 
— CJono*  ntid  Chiloe  ffrovpt.  viJeaniB  rockt  i>f — Coacrpeiat — 
ffiivldaa — G/giilTndo — Sum-mary—Age  of  lAe  itrtiary  formationt~— 
Lmfi  of  devotion— SUidJied  wood — Comparative  ranges  of  the  extineC- 
and  living  Molluica  on  the  Wett  Coait  ef  S,  America — Cliinate  of  th^ 
tertiary  period — On  the  eavMS  of  the  absence  of  recent  eonehiferoH^^ 

depoiite  on  the  conals  n/S.  jimeriea^-On  the  contemporaneout  depaii 

tion  and  preiervalion  of  eedimentaiy  fomationa. 

Rio  Negro. — I  can  add  little  to  the  details  given  bj^ 
M.  d'Orbigny '  on  the  sandstone  formation  of  this  di^^ 
trict.     The  cliffe  to  the  south  of  the  river  are  aboiL.'A 
200  feet  in  hfight,  and  are  composed  of  aandstone  c^'i 
various  tints  and  degrees  of  hardness.    One  layer,  whic!33 
thinned  out  at- both  ends,  consisted  of  earthy  matter,  c^f   | 
a  pale  reddish  colour,  with  some  gypsum,  and  very  lilc* 
(I   speak   after  comparison  of  the  specimens  brough»-t    i 
home)  Pampean  mud  :  above  this  was  a  layer  of  compaC 
marly  rock  with  dendritic  manganese.     Many  blocks  <^f  j 
a  conglomerate  of  pumice-pebbles  embedded  in  himrd  i 
sandstone  were  strewed  at  the  foot  of  the  cliff,  and  ha<l  [ 
evidently  fallen  from  above.     A  few  miles  NE.  of  tlr*   i 

'  '  Yoyag'^i  Pstt-  Geolog.'  pp.  67-65. 
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i»  I  £[mnd,  low  down  in  tbe  sandfltone,  a  bed,  a  few 
ea  in  thickness,  of  a  white,  finable,  harsh-feeling 
Doent,  which  adheres  to  the  tongue,  is  of  easy  fusi- 
y,  and  of  little  specific  gravity ;  examined  under 
Enioroscope,  it  is  seen  to  be  pumiceous  tuff,  formed 
voken  transparent  crystals.  In  the  cliffs  south  •  of 
riyer  there  is,  also,  a  thin  layer  of  nearly  similar 
re,  but  finer  grained,  and  not  so  white ;  it  might 
7  have  been  mistaken  for  a  calcareous  tuff,  but  it 
ains  no  lime :  this  substance  precisely  resembles  a 
V  widely  extended  and  thick  formation  in  southern 
gonia,  hereailer  to  be  described,  and  which  is  re- 
kaUe  for  being  partially  formed  of  Infusoria.  These 
,  conjointly  with  the  conglomerate  of  pumice,  are 
nesting,  as  showing  the  nature  of  the  volcanic  action 
le  Cordillera  during  this  old  tcBtiary  period. 
!n  a  bed  at  the  base  of  the  southern  cliffs,  M.  d'Or- 
y  found  two  extinct  fresh-water  shells,  namely,  a 
>  and  Cbilina.  This  bed  rested  on  one  with  bones 
a  extinct  rodent,  namely,  the  MegaTnys  Pontagoni- 
1;  and  this  again  on  another  with'  extinct  marine 
8.  The  species  foimd  by  M.  d'Orbigny  in  different 
I  of  this  formation  consist  of: — 


^ns    PatAgonica,    d*Oi;big., 

Voyage   Pal.*  (also    at  St. 

%  and  whole  coast  of  Pata- 

onia). 

irea  Ferraris!,  do. 

Tea     Alyarezii,       d*Orbig. 


<  Voyage  Pal.*  (also  St.  F^  and 

S.  JosST). 
4.  Pecten  Patagoniensis,  do. 
6.  Venus  Muftsterii,  do.  (also  St. 

F6). 
6.  Area  Bonplandiana,  do.  (do.) 


Iccording  to  M.  d'Orbigny,  the  sandstone  extends 
srard  along  the  coast  as  far  as  Port  S.  Antonio,  and 
he  R.  Negro  far  into  the  interior :  nortliward  I 
d  it  to  the  southern  side  of  the  Rio  Colorado,  where 
•ms  a  low  denuded  plain.  This  formation,  though 
»mporaneous  with  that  of  the  rest  of  Patagc^mti^  \% 
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quite  different  in  mineralogical  composition,  being  con- 
nected with  it  only  by  the  one  thin  white  layer :  this 
difference  may  be  reasonably  attributed  to  the  sediment 
brought  down  in  ancient  times  by  the  Rio  Negro ;  by 
which  agency,  also,  we  can  understand  the  presence  of 
the  fresb-water  shells,  and  of  the  bones  of  land  animals. 
Judging  from  the  identity  of  four  of  the  above  shells, 
thin  forniiition  is  contemporaneous  (as  remarked  by 
M.  d'Orbigny)  with  that  under  the  Pampean  deposit  in 
Entre  Rios  and  in  Banda  Oriental.  The  gravel  capping 
the  sandstone  plain,  with  its  calcareous  cement  and 
nodules  of  gypstmi,  is  probably,  from  the  reasons  given 
in  the  eij^hth  chapter,  contemporaneous  with  the  upper- 
most beds  of  the  Pampean  formation  on  the  upper  plain 
north  of  the  Colorado. 

Sam.  JoBef. — My  examination  here  was  very  short : 
the  cliffs  are  about  100  feet  high;  the  lower  third 
consists  of  yellowish-brown,  soft,  slightly  calcareous, 
muddy  sandstone,  parte  of  which  when  struck  emit  a 
fetid  smell.  In  this  bed  the  great  Oatrea,  Pataganica, 
often  marked  with  dendritic  manganese  and  small  coral- 
lines, were  extraordinarily  numerous.  I  found  here  the 
following  shells : — 

1.  OstrMiPitagoiiieft,  d'Orbig.  'Vojtge  Pal.'  (also  at  St.  Fi  sod  whole 

eooA  of  PatHf^nia). 
J.  Oitrea  AlTarezii.  d'Orbig.  '  V.  Pal.'  (obo  St  Fi  and  R.  Negro). 
8.  Pect«D  ParanenaiB.  d'Oibig  '  V.  Pal.'  and  PI.  III.  f.  30  of  thiswod 

(nlao  Sf.  ¥i,  S.  Julian,  Bod  Fort  Desire). 
4.  Pectflti  DanHnianiig.d'OFbig.'T.Fal.'iiiidPl.IILf.SSandZSValM 

St,  F4). 

6.  P*ctan  actinodee,  Q.  B.  SoWBrbj,  PI.  IH  f.  33. 

0.  Terebrainln  Pntagonico,  O.    B.   Sowarby,  PI.  II.  f.   26  and  37 
(h1m>  S.  JulinD). 

7.  Cut*  of  a  Tucrit«Ua. 

The  four  first  of  these  species  occur  at  St.  F^  in 
Entre  Rios,  and  the  two  first  in  the  sandstone  of  the 
itio  Negro.     Above  this  fossiliferous  mass,  there  is  a 
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Btratum  of  very  fine-grained,  pale,  brown  mudstone^ 
including  numerous  laminae  of  selenite.  All  the  strata 
appear  horizontal,  but  when  followed  by  the  eye  for  a 
long  distance,  they  are  seen  to  have  a  small  easterly 
dip.  On  the  surface  we  have  the  porphyritic  gravel, 
and  on  it  sand  with  recent  shells. 

Nuevo  Gulf. — From  specimens  and  notes  given  me 
by  Lieut.  Stokes,  it  appears  that  the  lower  bed  consists 
of  soft  muddy  sandstone,  like  that  of  S.  Josef,  with 
many  imperfect  shells,  including  the  Pecten  Paranensis, 
d'Orbig.,  casts  of-  a  Turritella  and  Scutella.  On  this 
there  are  two  strata  of  the  pale,  brown  mudstone,  also 
like  that  of  S.  Josefs  separated  by  a  darker  coloured, 
more  argillaceous  variety,  including  the  Ostrea  Pata- 
gonica.  Prof.  Ehrenberg  has  examined  this  mudstone 
for  me :  he  finds  in  it  three  already  known  microscopic 
organisms,  enveloped  in  a  fine-grained  pumiceous  tuff, 
which  I  shall  have  immediately  to  describe  in  detail. 
Specimens  brought  to  me  from  the  uppermost  bed, 
north  of  the  Rio  Chupat,  consist  of  this  same  substance, 
but  of  a  whiter  colour. 

Tertiary  strata,  such  as  are  here  described,  appear 
to  extend  along  the  whole  coast  between  the  Eio  Chupat 
and  Port  Desire,  except  where  interrupted  by  the  under- 
lying claystone  porphyry,  and  by  some  metamorphic 
rocks ;  these  hard  rocks,  I  may  add,  are  found  at  in- 
tervals over  a  space  of  about  five  degrees  of  latitude, 
from  Point  Union  to  a  point  between  Port  S.  Julian 
and  S.  Cruz,  and  will  be  described  in  the  ensuing  chapter. 
Many  gigantic  specimens  of  the  Ostrea  Patagonica 
were  collected  in  the  Gulf  of  St.  George. 

Port  Desire. — A  good  section  of  the  lowest  fossili- 
ferous  mass,  about  forty  feet  in  thickness,  resting  on 
claystone  porphyry,  is  exhibited  a  few  miles  south  of 


the   hnrbour.      The   fthefls  snfficiedtlr  perfect   to  bt 
ceeogui^ed  conBist  of: — 

L  CMn  PaiaeDMCk.  tTOiUg.  <*lm  at  St.  f  e  ikl  whols  MM  (^ 

1.  FMmi  PuwBl^  irOitii|.  -Tm.  PaL.'  a«l  PI.  HL  £.  M  of  lU>    i 
vntfc  (alM  u  St.  F^  S.  JiMct.  k  jBlUa). 

5.  frtUt  (VDtnCu.  O.  Bl  SowAt.  PL  ID-  f.  SI  (miM  C>.  Jriiad  ui 

S.Coi«). 
4    Cncsllza  hIm.  dr^  PL  II.  f.  Zt  »  (aW  9..  Cm). 
*.  KunU  ura«».  J»,  PL  IL  t  If. 

6.  Tumullit  Patiggniitt.  do.,  PL  LU.  C  48. 

The  foaeiliferous  etiata,  where  not  denuded,  an 
mnfomubly  co^-ered  bv  a  cmnsiderable  thickness  of  lb* 
Ene^niined  pumiceoue  modstoDe,  divided  into  two 
raaaees:  the  lower  half  is  very  fiD&-gTaia«d,  slightly  ^ 
anctiious,  and  bo  compact  as  to  break  with  a  Miiii*  ' 
condiokial  fracture,  though  yifldina  to  the  nail;  it 
iiiciiiilc*  biniiiJf  I'f  si.'loiiit.v  tlic  iij>|KT  half  prwijely 
resemhles  the  one  lajer  at  the  Rio  \egro,  and  with  the 
exception  of  being  whiter,  the  upper  beds  at  San  Josef 
and  \nero  Gulf.  In  neither  mass  is  there  snv  trace  to 
the  naked  eye  of  organic  forms.  Taking  the  entire 
deposit,  it  is  generally  quite  white,  or  yellowish,  or 
feebly  tinted  with  green  ;  it  is  either  almost  friable 
under  the  &ngcr,  or  as  hard  as  chalk;  it  is  of  easy 
fusibility,  of  little  specific  gravity,  is  not  harsh  to  the 
touch,  adheres  to  the  tongue,  and  when  breathed  on 
eshales  a  strong  aluminous  odour;  it  sometimes  con- 
tains a  very  little  calcareous  matter,  and  traces  (besides 
the  included  laminfe)  of  gypsum.  Under  the  microscope, 
according  to  Prof.  Ehrenberg,'  it  consists  of  minute, 
triturated,  cellular,  glassy  fragments  of  pumice,  with 
Rome  broken  crystals.  In  the  minute  glassy  fragmentSf 
Prof.  Ehrenberg  recognises  organic  structures,  which 
have  been  aifected  by  volcanic  heat :  in  the  specimens 
from  this  place,  and  from  Port  S.  Julian,  he  finds  six- 

'  'Maoatib«riebteiideiVoing.  A,Va&.ia'&«i\\a.Tcim  A.Qnl.  ISiS.' 
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teen  Polygastrica  and  twelve  Phytolitharia.  Of  these 
organisms,  seven  are  new  forms,  the  others  being  pre- 
viously known :  all  are  of  marine,  and  chiefly  of  oceanic, 
origin.  This  deposit  to  the  naked  eye  resembles  the 
crust  which  often  appears  on  weathered  surfaces  of 
feldspathic  rocks ;  it  likewise  resembles^  those  beds  of 
earthy  feldspathic  matter,  sometimes  interstratified  with 
porphyritic  rocks,  as  is  the  case  in  this  very  district 
with  the  underlying  purple  claystone  poiphyry.  From 
examining  specimens  under  a  common  microscope,  and 
comparing  them  with  other  specimens  undoubtedly  of 
volcanic  origin,  I  had  come  to  the  same  conclusion  with 
Prof.  Ehrenberg,  namely,  that  this  great  deposit,  in  its 
first  origin,  is  of  volcanic  nature. 

Port  S,  Julian. — On  the  south  side  of  the  harbour, 
the  following  section,  which  I  here  repeat,  gives  the 
nature  of  the  beds  seen  in  the  cliffs  of  the  ninety  feet 

No.  33. 

Section  of  the  strata  exhibited  in  the  cliffs  of  the  90-feet  plain  at  Port 

8.  Julian. 
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plain.  Beginning  at  the  top, — 1st,  the  earthy  mass 
-(A  A),  including  the  remains  of  the  Macrauchenia,  with 
recent  shells  on  the  surface ;  2nd,  the  porphyritic 
shingle  (B),  which  in  its  lower  part  is  interstratified 
(owing,  I  believe,  to  redeposition  during  denudation) 
with  the  white  punyceous  mudstone ;  3rd,  this  white 
mudstone,  about  twenty  feet  in  thickness,  and  divided 
into  two  varieties  (C  and  D),  both  closely  resembling 
the  lower,  fine-grained,  more  unctuous  and  compact 
•kind  at  Port  Desire  ;  and,  as  at  that  place,  including 
much  selenite ;  4th,  a  fossiliferous  mass,  divided  mto 
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three  main  beds,  of  which  the  iippenncwt  is  thin,  and 
consists  of  ferruginous  sandstone,  with  many  shells  of 
the  {Treat  oyster  and  Pecten  Paranerieia :  the  middle 
bed  (E)  is  a  yellowish  earthy  sandstone  abounding  with 
Scutellfe;  and  the  lowest  bed  (F)  is  an  indurated, 
greenish,  sandy  clay,  including  larfje  concretions  of 
calcareotiji  sandstone,  many  shells  of  the  great  oyster, 
and  in  part«  almost  made  up  of  fragments  of  Balanide. 
Out  of  these  three'  beds,  I  procured  the  following  twelve 
species,  of  which  the  two  first  were  eiceeding;ly  numeroua 
in  individtials,  as  were  the  Terebratulse  and  TurritellEB 
in  certain  layers : — 

1.  OHm  P.-.t^i£'.rii.-F,,  .rOrl...  •T'fyrFigoPal,'(ulBont  St.  Fi  Bod  vlid* 

coMt  of  PktagoDi^. 

2.  PectsD  FbTMierwii,  d'Orbig.  da,  and  Fl.  m.  f.  SO  of  thU  wwk  (BL 

FA,  S.  Josef,  Port  Do»ii»l. 

5.  PeebcD  centralii.  O.  B.  Soverby,  PI.  111.  f.  81  (aUo  P.  Dtatt  and 

S.  Cniz). 

4.  PMt«n  gsDiinntiig,  do.,  Pt.  II.  f  tt. 

6.  Tanbratala  Fatn^iTiiica,  da,  Fl.  II.  f.  26  uid  27  (n1>o  8.  JoMif). 
R.  StmthiolariH  ornato,  do.,  Pt.  IV.  f.  62  (also  S.  Crnz). 

T.  fvma  PsUwonicqa.  do.,  PI.  TV.  t  60. 

5,  FuBiu  NoachiniiB,  do.,  PI.  IV.  t.  S8  »tid  69, 
9.  Scnlarin  rngnlom,  do.,  Fl.  lU.  f.  42  and  43. 

10.  TarriteHa  ambnlunun,  do..  PI.  III.  f.  48  {slso  8.  Cm), 

1 1 .  F^rrnla.  cast  of,  like  P.  TeDtricosa  of  Sowerby,  Took  Cat. 

12.  BalanoB  rariani.  Q.  B.  Sowerby,  PI.  II.  f.  4,  6,  6. 

13.  Scatella,  difiiiriDg  from  the  qtMiea  from  Nuero  Golf. 

At  the  head  of  the  inner  harbour  of  Port  S.  Julian, 
the  fossiliferous  mass  is  not  displayed,  and  the  sea-cliffs 
from  the  water's  edge  to  a  height  of  between  100  and 
200  feet  are  formed  of  the  white  pumiceous  mudstone, 
which  here  includes  innumerable,  far-extended,  some- 
times horizontal,  sometimes  inclined  or  vertical  lamiaee 
of  transparent  gypsumj  often  abdut  an  inch  in  thick- 
ness. Further  inland,  with  the  exception  of  the 
superficial  gravel,  the  whole  thickness  of  the  truncated 
hills,  which  represent  a  formerly  continuous  plain  950, 
feet  in  height,  appears  to  be  formed  of  this  white  mod- 
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tpne :  here  and  there,  however,  at  various  heights,  thin 
arthy  layers,  containing  the  great  oyster,  Pecten  Para- 
^enms  and  Turritella  ambulacrum,  are  interstratified ; 
has  showing  that  the  whole  mass  belongs  to  the  same 
poch.  I  nowhere  found  even  a  fragment  of  a  shell 
ctually  in  the  white  deposit,  and  only  a  single  cast  of 
.  Turritella.  Out  of  the  eighteen  microscopic  organisms 
liscovered  by  Ehrenberg  in  the  specimens  from  ttis 
lace,  ten  are  common  to  the  same  deposit  at  Port ' 
)es]re.  I  may  add  that  specimens  of  this  white  mud- 
tone,  with  the  siame  identical  characters  were  brought 
ae  from  two  points, — one  twenty  miles  north  of*  S. 
Julian,  where  a  wide  gravel-capped  plain,  350  feet  in 
leight,  is  thus  composed ;  and  the  other  forty  miles 
outh  of  S.  Julian,  where,  on  the  old  charts,  the  cliflFs 
jre  marked  as  *  Chalk  HillsJ* 

Santa  Cruz. — The  gravel-capped  cliflFs  at  the  mouth 
►f  the  river  are  355  feet  in  height :  the  lower  part,  to 
I  thickness  of  fifty  or  sixty  feet,  consists  of  a  more  or 
ess  hardened,  darkish,  muddy,  or  argillaceous  sandstone 
like  the  lowest  bed  of  Port  Desire),  containing  very  • 
oany  shells,  some  'silicified  and  some  converted  into 
ellow  calcareous  spar.  The  great  oyster  is  here 
lumerous  in  layers ;  the  Trigonocelia  and  Turritella 
re  also  very  numerous :  it  is  remarkable  that  the 
•^ecten  Paranensis^  so  common  in  all  other  parts  of 
he  coast,  is  here  absent :  the  shells  consist  of: — 

1.  Ostrea  Patagonica,  d'Orbig.  *  Voyage  Pal.*  (also  at  St.  FA  an(i 

whole  coast  of  Patagonia). 

2.  Pecten  centralis,  G.  B.  Sowerby,  PI.  III.  f.  31  (also  P.  Desire  aad 

S.  Julian). 

3.  Venus  meridionalis  of  G.  B.  Sowerby,  PI.  II.  f.  13. 
*4.  Crassatella  Lyellii,  do.  PI.  II.  f.  10. 

6.  Cardium  puelcbum,  do.  PI.  II.  f.  16. 

6.  Cardita  Patagonica,  do.  PI.  II.  f.  17. 

7.  Mactra  niga'^a,  do.  PI.  II.  f.  8. 

8.  Mactra  Darwinii,  do.  PI.  II.  f.  9. 

9.  Cncullsa  aJta^  do.  PL  U.  t,  22,  23  (also  P.  DemreV 
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|>il.  »M^(?}cUnL,da.PI.  n-£  II. 


91.  a<^^  yn^i'it.  40.  PL  ULtU. 
U.  T<il«a  ftlM.  do.  PL  nr.  f.  7i. 
If.  TmlM  oiIlnH,  do.  PL  ni-  £  44.  M. 
yU.  H«>>*rfUK(TVd<i,PLIILC40.4l. 
'l]>w  aRBcUokfM  own.  d&  PL  rr.  e  a  (aln  P-  I>«a«). 
IT.  Tonit^  f— '-^-— -,  ^  Fl.  UL  f.  49  (■!».'  P.  S.  Jkliu). 
lapcrflMt  fnglBaUa  of  Ibe  giuua  BfSiara.  Anemn,  and  f^ias. 

.  The  upper  part  of  the  cliff  is  geoerally  dirided  into 
thme  gn.-at  strata,  differing  slightly  in  compositioD,  but 
eesentially  Resembling  the  pmniceoiu  mudstone  of  the 
placefl  farther  north ;  the  deposit,  however,  here  is  more 
nrenaceoiu^,  of  greater  specific  gta^ntj,  and  not  so  white : 
it  is  interlace  with  numerous  thin  veins,  partially  or 
quite  filled  with  traninreree  fibres  of  gypsum ;  these  fibres 
were  too  short,  to  reach  across  the  vein,  have  their  extre- 
mities curved  or  bent :  in  the  same  veins  with  tbe  gyp- 
sum, and  likewise  in  separate  veins  as  well  as  ia  little 
nests,  there  is  much  powdery  sulphate  of  magnesia  (as 
ascertained  by  Sir.  Reeks)  in  an  uncompressed  form  :  I 
believp  that  this  salt  has  not  heretofore  been  found  in 
veins.  Of  the  ttree  beds,  the  cential  one  is  the  most  com- 
pact, and  more  like  ordinary  sandstone  :  it  includes  nu- 
merous flattened  spherical  concretions,  often  united  like 
n  necklace,  composed  of  hard  calcareous  sandstone,  con- 
taining a  few  shells:  some  of  these  concretions  were 
four  feet  in  diameter,  and  in  a  horizontal  line  nine  feet 
apart,  showing  that  the  calcareous  matter  must  have 
been  drawn  to  the  centres  of  attraction,  from  a  distance 
of  four  feet  and  a  half  on  both  sides.  In  the  upper  and 
lower  finer-grained  strata,  there  were  other  concretions 
of  a  grey  colour,  containing  calcareous  matter,  and  so 
fine-grained  and  compact,  as  almost  to  resemble  por- 
uelain-rock:  I  have  seen  exactly  similar  concretions  in 
n  volcanic  tufaceous  bed  in  Chiloe.  Although  in  thin 
Tipper  line-grained  strata,  organic  remains  were  very 
rare,  yet  I  noticed  a  ief  o^  VW  ^ea.'i.  ouster ;  and  in    I 
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one  included  soft  ferruginoue  layer,  there  were  some  Bpeci- 
mens  of  the  CucvMceo,  alta  (found  at  Port  Deaiie  in  the 
lower  fossiliferous  mass)  and  of  the  Mactrarugata,v\a.c\\ 
latter  shell  has  been  partially  converted  into  gypsum. 

In  ascending  the  valley  of  the  S.  Cruz,  the  upper 
strata  of  the  coast-cliffs  are  prolonged,  with  nearly  the 
same  characters,  for  fifty  miley :  at  about  this  point, 
they  begin  in  the  most  gradual  and  scarcely  perceptible 
manner,  to  be  banded  with  white  lines  ;  and  after  as- 
cending ten  miles  farther,  we  meet  with  distinct  thin 
layers  of  whitish,  greenish,  and  yellowish  fine-grained, 
fusible  sediments.  At  eighty  miles  from  the  coast,'  in 
a  cliff  thus  composed,  there  were  a  few  layers  of  ferru- 
ginous sandstone,  and  of  an  argillaceous  sandstone  with    . 
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concretions  of  morl  like  those  in  the  Pampas.     At  100 
miles  from  the  coaNt,  that  is  at  a  central  point  between 
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tbe  Atlantic  amcl  the  Cordillera,  we  have  the  preceding 
aectioD. 

The  upper  half  of  the  sedimentaiy  laass,  under  the 
basaltic  Uva,  caoNSta  of  limumemble  zones  of  perfectly 
whi  t4?,  bright  green,  yellowish  and  brownisb,  fiDe-gruDed, 
■omctimes  incoherent,  wdimentaijniatt^'.  Tbewhite, 
puniic«ous,  tracbjtic  tuff-like  varieties  are  of  ratlm 
jfTWilw  specific  gravity  than  the  puraiceons  mudstOBfi 
oo  thi'  coast  to  the  north  :  some  of  the  tareni,  especially 
th*  browner  ones,  are  coarser,  so  that  the  broken  crys- 
tals are  diftingaishable  with  a  weak  lens.  The  layers 
vary  in  character  id  abort  distances.  ^Vith  the  ezoep- 
tiun  of  a  few  of  the  Oetrea  Patagaiiicaj  which  appeared 
to  have  rolled  dowD  from  the  cliff  above,  no  organic 
remains  were  '  found.  The  chief  difference  between 
these  layers  taken  aa  a  whole,  and  the  upper  beds  both 
'  at  tbe  mouth  of  the  river  and  on  the  coast  northward, 
seems  to  lie  in  the  occasional  presence  of  more  colouring 
matter,  and  In  the  supply  having  been  intermitt^it ; 
these  characters,  as  we  have  seen,  very  gradually  difr- 
appeai  in  descending  the  valley,  and  this  fact  may 
perhaps  be  accounted  for  by  tbe  currents  of  a  more 
■open  sea  having  blended  together  the  sediment  fixim  a 
distant  and  intermittent  source. 

The  coloured  layers  in  the  foregoing  section  rest  on 
a  mass,  apparently  of  great  thickness  (but  much  biddea 
by  tbe  talus),  of  soft  sandstone,  almost  composed  of 
minute  pebbles,  from  one-tenth  to  two-tenths  of  »o 
inch  in  diameter,  of  tbe  rocks  (with  the  entire  exception 

(rrnit  nllp.  which  hns  formn]  hillii  betv««ti  60  nnd  70  feet  in  hsigbt.  and 
hxs  tillrd  tbe  «tmtH  into  highly  inclined  and  ercn  Tertjcal  poaltioDi. 
The  Blrsta  p«nerally  dipped  at  an  angle  nf  45°  tciwnrdg  the  cliff  fnu 
which  tbs;  had  "lld^d.  I  have  oViaerTMi  in  slip*,  l>ath  on  n  gmtill  wd 
larsr  scale,  that  thin  inwnrd  dip  18  ttj  general.  Is  it  due  to  tbt 
hydrontalic  preesiira  of  water  pnvolaling  with  difficnltj  through  tlM 
Ktntta  nctini}  with  greaur  force  at  tbe  bote  of  the  inaiii  tfaaa  nguiut  tlw 
i;ppBr  part  ? 
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6f  the  basaltic  lava)  composing  the  great  boulders  ou 
the  surface  of*  the  plain,  and  probably  composing  the 
neighbouring  Cordillera,      Five  miles  higher  up  the 
valley,  and  again  thirty  miles  higher  up,*  (that  is  twenty 
miles  from  the  nearest  range  of  the  Cordillera)  the  lower 
plain  included  within  the  upper  escarpments,  is  formed, 
as  seen  on  the  banks  of  the  river,  of  a  nearly  similar 
but   finer-grained,  more  earthy,  laminated  sandstone, 
alternating  with  argillaceous  beds,  and  containing  nu- 
merous moderately  sized  pebbles  of  the  same  rocks,  and 
some  shells  of  the  great  Ostrea  Patagonica,     As  most 
of  these  shells  had  been  rolled  before  being  here  em- 
bedded, their  presence,  does  not  prove  that  the  sand- 
stone belongs  to  the  great  Patagonian  tertiary  formation, 
for  they  might  have  been  redeposited  in  it,  when  the 
valley   existed   as  a   sea-strait ;    but   as   amoEgst   the 
pebbles  there  were  none  of  basalt,  although  the  cliflfs  on 
both  sides  of  the  valley  are  composed  of  this  rock,  I 
believe  that  the  sandstone  does  belong  to  this  formation. 
At  the  highest  point   to  which  we  ascended,  twenty 
miles  distant  from  the  nearest  slope  of  the  Cordillera,  I 
could  see  the  herizontally  zoned  white  beds,  stretching 
under  the  black  basaltic  lava,  close  up  to  the  mountains ; 
80  that  the  valley  of  the  S.  Cruz  gives  a  fair  idea  of  the 
constitution  of  the  whole  width  of  Patasfonia. 

Basaltic  Lava  of  the  S,  Crttz,  ^This  formation  is 
first  met  with  sixty-seven  miles  from  the  mouth  of  the 
river  ;  thence  it  extends  uninterruptedly,  generally  but 
not  exclusively  on  the  northern  side  of  the  valley,  close 
up  to  the  Cordillera.  The  basalt  is  generally  black 
and  fine-grained,  but  sometimes  grey  and  laminated ; 
it  contains  some  olivine,  and  high  .up  the  valley  much 


'  I  fouod  at  both  places,  but  not  m  situ,  quantities  of  coniferous  and 
ordinary  dicotyledonous  silicifiod  wood,  which  was  examined  for  me  by 
Mr.  R.  iirown. 
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glafsy  feldspar,  where,  ftleo,  it  is  often  amygdaltudal^ 
it  is  never  highly  vesicular,  except  on  the  sides  «f  mil 
aod  on  the  tipper  and  lower,  epheri»U;  laminated  sof' 
laces.  It  is  often  columnar ;  and  in  one  place  I  tar 
mttgnificent  coliunos,  each  face  twelve  feet  in  widtJii 
with  their  interstices  filled  up  with  calcareous  tu^. 
The  streams  rest  conformably  on  the  white  ««diinrat^ 
beds,  but  I  nowhere  saw  the  actual  junction  ;  nor  did  I 
anywhere  see  the  white  beds  actually  superimposed  on 
the  lava;  but  some  way  up  the  ^^alley  at  the  foot  of 
the  uppermost  escarpments,  they  must  be  thus  supei^- 
imposed.  Moreover,  at  the  lowest  point  down  tbt 
valley,  where  the  streams  thin  out  and  terminate  ii 
irregular  project  ionfi,  the  spaces  or  inter\-a!s  between- 
these  projectioDs  are  filled  up  to  the  level  of  the  coir 
denuded  and  gravel-capped  surfaces  of  the  plains,  with 
the  white-zoned  sedimentary  beds ;  proving  that  thii 
matter  continued  to  be  deposited  after  the  streams  h»d 
Sowed.  Hence  we  may  conclude  that  the  basalt  u 
contemporaneous  with  the  upper  parts  of  the  great 
tertiary  formation. 

The  lava  where  firet  met  with  is  130  feet  in  thicl- 
ness ;  it  there  consists  of  two,  three,  or  perhaps  mort 
streams,  divided  from  each  other  by  vesicular  Bpheroids, 
like  those  on  the  surface.  From  the  streams  having 
as  it  appears,  extended  to  different  distances,  the  tenniasl 
points  are  of  unequal  heights.  Generally  the  sur&ce 
of  the  basalt  is  smooth ;  but  in  one  part  high  up  the 
valley,  it  was  so  uneven  and  hiimmoeky,  that  imtil  I 
afterwards  saw  the  streams  extending  continuously  on 
Iwth  sides  of  the  valley  up  to  a  height,  of  about  3,000 
feet  close  to  the  Cordillera,  I  thought  that  the  crateis<^ 
eruption  were  probably  close  at  hand.  This  hummocky 
surface  I  believe  to  have  been  caused  by  tlie  <A'083iiig 
and  heaping  up  of  diEferent  streams.     In  one  phce. 
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ire  were  several  rounded  ridges  about  twenty  feet  in 
ight,  some  of  them  as  broad  as  high,  and  some  broader, 
ich  certainly  had  been  formed  whilst  the  lava  was 
Id,  for  in  transverse  sections  each  ridge  was  seen  to 
concentrically  laminated,  and  to  be  somposed  of  im- 
rfect  columns  radiating  from  common  centres,  like 
)  spokes  of  wheels. 

The  basaltic  mass  where  first  met  with  is,  as  I  have 
d,  130  feet  in  thickness,  and,  thirty-five  miles-higher 

the  valley,  it  increases  to  322  feet.  In  the  first 
irteen  and  a  half  miles  of  this  distance,  the  upper 
•fisice  of  the  lava,  judging  from  three  measurements 
[en  above  the  level  of  the  river,  (of  which  the  appa- 
itly  very  uniform  inclination  has  been  calcidated 
m  its  total  height  at  a  point  135  miles  from  the 
►uth)  slopes  towards  the  Atlantic  at  an  angle  of  only 
T  2(y' :  this  must  be  considered  only  as  an  approxi- 
tte  measurement,  but  it  cannot  be  far  wrong.  Taking 
)  whole  thirty-five  miles,  the  upper  surface  slopes  at 
angle  of  0°  10'  53'' ;  but  this  result  is  of  no  value  in 
)wing  the  inclination  of  any  one  stream,  for  half-way 
iiween  the  two  points  of  measurement,  the  surface 
Idenly  rises  between  100  and  200  feet,  apparently 
ised  by.  some  of  the  uppermost  streams  having 
,ended  thus  far  and  no  farther.  Erom  the  measure- 
tnts  madQ  at  these  two  points,  thirty-five  miles  apart, 
J  mean  inclination  of  the  sedimentary  beds,  over 
ich  the  lava  has  flowed,  is  now  (after  elevation  from 
ier  the  sea)  only  0°  7'  52" :  for  the  sake  of  compari- 
i,  it  may  be  mentioned  that  the  bottom  of  the  present 
,  in  a  line  from  the  mouth  of  the  S.  Cruz  to  the 
Ikland  Islands,  from  a  depth  of  seventeen  fathoms  to 
lepth  of  eighty-five  fathoms,  declines  at  an  angle  of 
1'  22" ;  between  the  beach  and  the  depth  of  seven- 
•n  fathoms,  the  slope  is  greater.     From  a  poVn\,  ^XiOM^* 
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half-way  up  the  valley,  the  basaltic  inas9  rises  more 
abruptly  towards  the  foot  of  the  Cordillera,  namely, 
from  a  height  of  1,204  feet,  to  about  3,000  feet  above 
the  eea. 

This  great  deluge  of  lava  is  worthy,  in  its  dimensione, 
of  the  great  continent  to  which  it  belongs.  The  aggre- 
gate atreams  have  flowed  from  the  Cordillera  to  a  difi- 
.  tance  (uuparalleled,  I  believe,  in  any  case  yet  known) 
of  about  100  geographical  miles.  Near  their  fiirtheat 
extremity  their  total  thickness  is  1 30  feet,  which  increase 
thirty-&ve  milea  tarther  inland,  as  we  have  just  seen, 
to  322  feet.  The  least  inclination  given  by  JM.  E.  de 
Beaumont  of  the  upper  surface  of  a  lava  stream,  namely, 
0°  30",  iti  that  of  the  gceat  aubaeriai  eruption  in  1 783 
from  Skaptar  Jukiil  in  Iceland ;  and  M.  E.  de  Beaumont 
ahowa '  that  it  must  have  flowed  down  a  mean  inclination 
of  less  than  0°  20',  But  we  now  see  that  imder  the 
pressure  of  the  sea,  successive  streams  have  flowed  over 
a  smooth  bottom  with  a  mean  inclination  not  more 
than  0°  7'  52"  ;  and  that  the  upper  surface  of  tbe 
terminal  portion  (over  a  space  of  fourteen  and  a  half 
miles)  has  an  inclination  of  not  more  than  0°  7'  20". 
If  the  elevation  of  Patagonia  has  been  greater  nearer 
the  Cordillera  than  near  the  Atlantic  (as. is  probable), 
then  these  angles.are  now  all  too  largo.  I  must  repeat, 
that  although  the  foregoing  measurements,  which  were 
all  carefuUy  taken  with  the  barometer,  may  not  be 
absolutely  correct,  they  cannot  be  widely  erroneous. 

Southward  of  the  S.  Cruz,  tbe  cliffs  of  the  840  feet 
plain  extend  to  Coy  lulet,  and  owing  to  the  naked 
patches  of  the  white  sedimentj  they  are  said  on  the 
charts  to  be  '  like  the  coast  of  Kent,'  At  Coy  Inlet 
the  high  plain  trends  inland,  leaving  flat^topped  outliers.  \ 
At  Fort  G-alieg^s  (lat.  51°  35',  and  ninety  miles  soutb 
'  'U^moireB  pour  botvIt,' &e.,  pp.  I7B  and  217.  I 
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F  S,  Cruz),  I  am  informed  by  Captain  Sulivan,  R.N., 
lat  there  is  a  gravel-capped  plain  from  200  to  300  feet 
I  height,  formed  of  numerous  strata,  some  fine-grained 
ad  pale-coloured,  like  the  upper  beds  at  the  mouth  of 
[le  S.  Cniz,  others  rather  darker  and  coarser,  so  as  to 
esemble  gritstones  or  tuffs ;  these  latter  include  rather 
urge  fragments  of  apparently  decomposed  volcanic 
ocks ;  there  are,  also,  included  layers  of  gravel.  This 
>Tniation  is  highly  remarkable,  from  abounding  with 
[lammiferous  remains,  which  have  not  as  yet  been 
xamined  by  Professor  Owen,  but  which  include  some 
surge,  but  mostly  small,  species  of  Pachydermata, 
Sdentata,  and  Eodentia.  From  the  appearance  of  the 
wile-coloured,  fine-grained  beds,  I  was  inclined  to 
relieve  that  they  corresponded  with  the  upper  beds  of 
he  S.  Cruz ;  but  Professor  Ehrenberg,  who  has  examined 
ome  of  the  specimens,  informs  me  that  the  included 
oicroscopical  organisms  are  wholly  different,  being 
resh  and  brackish  water  forms.  Hence  the  200  to 
WK)  feet  plain  at  Port  Gallegos  is  of  unknown  age,  but 
)robably  of  subsequent  origin  to  the  great  Patagonian 
tertiary  formation. 

Eastern  Tierra  del  Fuego. — Judging  from  the 
leight,  the  general  appearance,  and  the  white  colour 
)f  the  patches  visible  on  the  hill  sides,  the  uppermost 
)lain,  both  on  the  north  and  western  side  of  the  Strait 
3f  Magellan,  and  along  the  eastern  coast  of  Tierra  del 
Fuego  as  far  south  as  near  Port  St.  Polycarp,  probably 
belongs  to  the  great  Patagonian  tertiary  formation. 
These  higher  table-ranges  are  fringed  by  low,  irregular, 
jxtensive  plains,  belonging  to  the  boulder  formation,* 
ind  composed  of  coarse  unstratified  masses,  sometimes 
issociated  (as  north  of  C.  Virgin's)  with  fine,  laminated, 
muddy  sandstones.      The   cliffs  in  Sebastian  Bay  are 

« 

*  Described  in  the  '  Oeological  TraDsactions,"  yo\.-  V\.  p.  W5>. 
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200  feet  in  height,  and  are  composed  of  fine  saodsiones, 
often  in  curvilinear  layers,  inchiding  hard  coDcretions 
of  calcareous  sandstone,  and  layers  of  pravcl.  In  these 
beds  there  are  fragments  of  wood,  legs  of  orabs,  bamacleB 
encrusted  with  coralliDca  still  partially  retaining  their 
colour,  impertect  fragments  of  a  Pholas  distinct  from 
any  known  species,  and  of  a  Venus,  approaching  very 
closely  to,  biit  slightly  different  in  form  from,  the 
Y,  Unticularie,  a  species  living  on  the  coast  of  Chile. 
Leaves  of  trees  are  numerous  between  the  lamiuiB  of 
the  muddy  sandstone;  they  belong,  as  I  am  informed 
hy  Dr.  J.  1).  Hooker,'  to  three  species  of  deciduous 
beech,  different  from  the  two  species  whicli  compose 
the  great  proportion  of  trees  in  this  forest-clad  land. 
From  these  facta  it  is  difficult  to  conjecture,  whether 
we  here  see  tbe  basal  part  of  the  great  Fatagonian 
formation,  or  some  later  deposit. 

Summary  on  the  Patagonian  Tertiary  Fannation 
— Four  out  of  the  seven  fossil  shells,  from  St.  F4  in 
Entre  Eios,  were  found  by  M.  d'Orbigny  in  the  sand 
stone  of  the  Rio  Negro,  and  by  me  at  San  Josef.  Three 
out  of  the  six  from  San  Josef  are  identical  with  those 
from  Port  Desire  and  S.  Julian,  which  two  places  have 
together  fifteen  species,  out  of  which  three  are  commtm 
to  both.  Santa  Cruz  has  seventeen  species,  out  of 
which  five  are  common  to  Port  Desire  and  S.  Julian. 
Considering  the  difference  in  latitude  between  these 
several  places,  and  the  small  number  of  species  altogether 
collected,  namely  thirty-six,  I  conceive  the  above  pro- 
portional number  of  species  in  common,  is  sufficient  to 
show  that  the  lower  fossiliferous  mass  belongs  nearly, 
I  do  not  say  absolutely,  to  the  same  epoch.  What  thii 
epoch  may  be,  compared  with  the  European  tertiaiy 
stages,  M.  d'Orbigny  will  not  pretend  to  determine. 
>  '  Botun;  of  tlu  AtktsK:tic  Vayage,'  p.  212. 
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The  thirty-six  species  (including  those  collected  by 
myself  and  by  M.  d'Orbigny)  are  all  extinct,  or  at  least 
unknown ;  but  it  should  be  borne  in  mind,  that  the 
present  coast  consists  of  shingle,  and  that  no  one,  1 
believe,  has  dredged  here  for  shells;  hence  it  is  not 
improbable  that  some  of  the  species  may  hereafter  be 
found  living.  Some  few  of  the  species  are  closely  related 
with  existing  ones ;  this  is  especially  the  case,  according 
to  M.  d'Orbigny  and  Mr.  Sowerby,  with  the  Fusuh 
Patagonicus ;  and,  according  to  Mr.  Sowerby,  with 
the  PymUiy  the  Venus  meridionalia,  the  Grepidula 
gregaria,  and  the  Turritdla  amJbulacruvij  and  T. 
P(Uagonica.  At  least  three  of  the  genera,  namely, 
Cucullsea,  Crassatella,  and  (as  determined  by  Mr. 
Sowerby)  Struthiolaria,  are  not  found  in  this  quarter 
of  the  world ;  and  Trigonocelia  is  extinct.  The  evidence 
taken  altogether  indicates  that  this  great  tertiary 
formation  is  of  considerable  antiquity ;  but  when  treat- 
ing of  the  Chilian  beds,  I  shall  have  to  refer  again  to 
this  subject. 

The  white  pumiceous  mudstone,  with  its  abundant 
gypsum,  belongs  to  the  same  general  epoch  with  the 
underlying  fossiliferous  mass,  as  may  be  inferred  from 
the  shells  included  in  the  intercalated  layers  at  Neuvo 
Gulf,  S.  Julian,  and  S.  Cruz.  Out  of  the  twenty-seven 
marine  microscopic  structures  found  by  Prof.  Ehrenberg 
in  the  specimens  from  S.  Julian  and  Port  Desire,  ten 
are  common  to  these  two  places:  the  three  found  at 
Xeuvo  Gulf  are  distinct.  I  have  minutely  described 
this  deposit,  from  its  remarkable  characters  and  its 
wide  extension.  From  Coy  Inlet  to  Port  Desire,  a  dis- 
tance of  230  miles,  it  is  certainly  continuous ;  and  I 
have  reason  to  believe  that  it  likewise  extends  to  the 
Kio  Chupat,  Neuvo  Gulf  and  San  Josef,  a  distance  of 
570  miles ;  we  have,  also,  seen  that  a  single  Y^yex  o^awc^^ 

c  c  2 


at  tlie  Rio  Negro.  At  Port  S.  Julian  it  is  from  800  to 
900  feet  in  thicknesB ;  and  at  S.  Cruz  it  extends,  with 
ft  slightly  altered  eliaracter,  up  to  the  Cordillera,  From 
its  microscopic  etruoture,  and  from  its  analogy  with 
otliur  formations  in  volcanic  district^  it  must  be  con- 
Hidered  as  originally  of  volcanic  origin  :  it  may  have 
been  formed  by  the  long-continued  attrition  of  vast 
(]iiaiititie9  of  pumice,  or  judging  from  the  manner  in 
which  the  mass  becomes,  in  ascending  the  valley  of  S. 
Cruz,  divided  into  variously  eoloiyed  layers,  from  the 
long-continued  eniption  of  clouds  of  fine  aeheg.  In 
(?itlii.'r  case,  we  must  conclude,  that  the  southern  volcanic 
orifices  of  the  Cordillera,  now  in  a  dormant  state,  were 
!it  fi!>"iit  this  period  over  a  wide  spawj,  and  for  a  groat 
length  of  time,  in  action.  We  have  evidence  of  this 
fact,  in  the  latitude  of  the  Rio  Negro  in  the  sandstone- 
conglomerate  with  pumice,  and  demonstrative  proof  of 
it,  at  S.  Cruz,  in  the  vast  deluges  of  basaltic  lava :  at 
this  same  tertiary  period,  also,  there  is  distinct  evidence 
of  volcanic  action  in  Western  Banda  OrienlAl. 

The  Patagonian  tertiary  formation  extends  continu- 
ously, judging  from  fossils  alone,  from  S.  Cruz  to 
near  the  Rio  Colorado,  a  distance  of  above  600  miles, 
and  reappears  over  a  wide  area  in  Entre  Rios  and  Banda 
Oriental,  making  a  total  distance  of  1,100  miles ;  but 
this  formation  undoubtedly  extends  (though  no  fossils 
were  collected)  far  south  of  the  S.  Cruz,  and,  accord- 
ing to  M.  d'Orbigny,  120  miles  north  of  St.  F4. 
At  S.  Cruz  we  have  seen  that  it  extends  across  the 
continent ;  being  on  the  coast  about  800  feet  in  thick- 
ness {and  rather  more  at  S.  Julian),  and  rising  with 
the  contemporaneous  lava-streams  to  a  height  of  about 
3,000  feet  at  the  base  of  the  Cordillera.  It  rests,  i 
wherever  any  underlying  formation  can  be  seen,  on 
platoaic  and  metamorphic  rocks.     Including  the  newer 
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Pampean  deposit,  and  those  strata  in  eastern  Tierradel 
Fuego  of  doubtful  age,  as  well  as  the  boulder  formation, 
we  have  a  line  of  more  than  twenty-seven  degrees  of 
latitude,  equal  to  that  from  the  Straits  of  Q-ibraltar  to 
the  south  of  Iceland,  continuously  composed  of  tertiary 
formations.  Throughout  this  great  space  the  land  has 
been  upraised,  without  the  strata  having  been  in  a 
single  instance,  as  far  as  my  means  of  observation  went, 
unequally  tilted  or  dislocated  by  a  fault. 


Tertiary  Formations  on  the  West  Coast. 

Chonos  Archipelago^  —  The  numerous  islands  of 
this  group,  with  the  exception  of  Lemus,  Ypun,  con- 
sist of  metamorphic  schists ;  these  two  islands  are  formed 
of  softish  grey  and  brown,  fusible,  often  laminated  sand- 
stones, containing  a  few  pebbles,  fragments  of  black 
lignite,  and  numerous  mammillated  concretions  of  hard 
calcareous  sandstone.  Out  of  these  concretions  at  Ypim 
(lat.  40**  Z(y  S.),  I  extracted  the  four  following  extinct 
species  of  sheila : — 

1.  Tunritella  suturalis,  O.  B.  Sowerby,  PI.  III.  f.  60  (also  Navidad). 

2.  Sigaretns  subglobosus,  do.  PI.  III.  f.  36,  37.  (do.) 

3.  Cythenta  (?)  buIcuIomi  (?),  do.  PI.  II.  f.    14   (also   Chiloe  and 

Huafo?). 

4.  Voluta,  fragments  of. 

In  the  northern  parts  of  this  group  there  are  some 
cliffs  of  gravel  and  of  the  boulder  formation.  In  the 
southern  part  (at  P.  Andres  in  Tres  Montes),  there  is 
a  volcanic  formation,  probably  of  tertiary  origin.  The 
lavas  attain  a  thickness  of  from  200  to  300  feet ;  they 
are  extremely  variable  in  colour  and  nature,  being 
compact,  or  brecciated,  or  cellular,  or  amygdaloidal 
with  zeolite,  agate  and  bole,  or  porphyritic  with  glassy 
albitic  feldspar.     There  is  also  much  imperfect.  t\sMc>\'3 
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pit«hatone,  with  the  int«rfitice8  charged  with  powdery 
carbonate  of  lime  apparently  of  conteraporaneous  origin. 
These  lavM  are  conformably  associated  with  stjata  of 
breccia  and  of  brown  tuff  containing;  lignite.  The 
whole  mass  has  been  broken  up  and  tilted  at  an  angle 
of  45°,  by  a  series  of  great  volcanic  dikes,  one  of  which 
was  thirty  yards  in  breadth.  This  volcanic  formation 
resembles  one.  presently  to  be  described,  in  Chiloe. 

Huafo. — This  island  lies  between  the  Chonos  and 
Chiloe  groups :  it  is  about  800  feet  high,  and  perhaps 
has  a  nucleus  of  metamorphic  rocks.  The  strata  which 
I  ezamiued  consuted  of  fine-grained  muddy  saudstooes, 
with  &agiiiesta  of  lignite  and  concretioiu  of  oaloveous 
Bandatone.  I  collected  the  following  extinct  Hhells,  of 
which  the  Turritella  was  in  great  numbers : — 

1.  Bolla  TOsmophilft,  Q.  B.  Sowerliy,  PI.  III.  f.  35. 

2.  PleuroloiTiB  tubieqiuilis,  do.  PI,  IV.  f.  fl2. 

3.  Fquds  cleiTHDoa,  d'Orbig.  '  Toy.  Pal.'  PI,  XII.  f.  6,  7  <fi\to  aX 

Coqiiimbo). 

4.  Triton  lencontomoidM,  O.  B.  Sowerby.  PI.  IV.  f.  6*. 
fi.  Tumtellii  Cbilenm".  do,  PI.  IV,  f.  SI  (also  Mocha). 

6.  Venus,  probablj  a  dialiact  Hpecies,  but  very  imperfect. 

7,  CylbBrro  {?)  huIcuIobh  (?>  do.  PI.  11.  f,  U. 

5.  DentaliuiD  mi^ua,  G.  B.  Sowerby,  PI.  II,  f.  3. ' 

Chiloe. — This  fine  island  ia  about  100  miles  in 
length.  The  entire  southern  part,  and  the  whole 
western  coast,  consists  of  mica-schiat,  which  likewise  is 
seen  in  the  ravines  of  the  interior.  The  central  moun- 
tains rise  to  a  height  of  3,000  feet,  and  are  said  to  be 
partly  formed  of  granite  and  greenstone :  there  are 
two  small  volcanic  districts.  The  eastern  coast,  and 
large  parts  of  the  northern  extremity  of  the  island  arc 
composed  of  gravel,  the  boulder  formation,  and  under- 
lying horizontal  strata.  The  latter  are  well  displayed 
for  twenty  miles  north  and  aouth  of  Castro ;  they  vary 
in  character  from  common  sandstone  to  fine-^p^ned, 
isminated  mudstones:  all  ttie  B^ecimena  which  I  ex- 
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amined  are  easily  fusible,  and  some  of  the  beds  might 
be  called  volcanic  grit-stones.  These  latter  strata  are 
perhaps  related  to  a  mass  of  columnar  trachyte  which 
occurs  behind  Castro.  The  sandstone  occasionally  in- 
cludes pebbles,  and  many  fragments  and  layers  of  lignite; 
of  the  latter,  some  are  apparently  fonned  of  wood  and 
others  of  leaves :  one  layer  on  the  NW.  side  of  Lemuy 
is  nearly  two  feet  in  thickness.  There  is  also  much 
silicified  wood,  both  conmion  dicotyledonous  and  coni- 
ferous :  a  section  of  one  specimen  in  the  direction  of 
the  medullary  rays  has,  as  I  am  informed  by  Mr.  R.  Brown, 
the  discs  in  a  double  row  placed  alternately,  and  not 
opposite  as  in  the  true  Araucaria.  I  found  marine 
remains  only  in  one  spot,  in  some  concretions  of  hard 
calcareous  sandstone  :  in  several  other  districts  I  have 
observed  that  organic  remains  were  exclusively  confined 
to  such  concretions  ;  are  we  to  accoimt  for  this  fact,  by 
the  supposition  that  the  shells  lived  only  at  these  points, 
or  is  it  not  more  probable  that  their  remains  were  pre- 
served only  where  concretions  were  formed  ?  The  shells 
here  are  in  a  bad  state,  they  consist  of : — 

1.  Tellinides  (?)  oblon^a,  G.  B.  Sowerby,  PI.  U.  f.  12  (a  solenella  in 

M.  d'Orbigny'8  opinion). 

2.  Natica  striolata,  G.  B.  Sowerby,  PI.  III.  f.  39. 

3.  Natica  (?)  pumila,  do.  PI.  III.  f.  38. 

4.  Cytheraea(?)  sulciilosa,  do.  PI.  II.  f.  14  (also  Ypun  and  Huafo?) 

At  the  northeni  extremity  of  the  island,  near  S. 
Carlos,  there  is  a  large  volcanic  formation,  between  500 
and  700  feet  in  thickness.  The  commonest  lava  is 
blackish-grey  or  brown,  either  vesicular,  or  amygda- 
loidal  with  calcareous  spar  and  bole :  most  even  of  the 
darkest  varieties  fuse  into  a  pale-coloured  glass.  The 
next  commonest  variety  is  a  rubbiy,  rarely  well  charac- 
terised pitchstone  (fusing  into  a  white  glass)  which 
passes  in  the  most  irregular  manner  into  ^.toxv^   ^ta.^^ 
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lavaa.  This  pitchstone,  as  veil  a^  some  purple  clay- 
stone  porphjTy,  ct:rtaiiily  flowed  in  the  form  of  streams. 
These  viiriouB  lavas  often  puss,  a.t  a  considerable  depth 
&om  the  surface,  in  the  most  abrupt  and  singular 
mauoer  into  wacke.  Great  masses  of  the  solid  rock  are 
hrecciiited,  and  it  was  generally  impossible  to  discover 
whether  the  recementjog  process  had  been  an  igneous 
or  aqueous  action.'  The  beds  are  obscurely  separated 
from  each  other ;  thev  are  sometimes  parted  by  seams 
of  tuff  and  layers  of  pebbles.  In  one  place  they  rested 
on,  and  in  another  plaoe  were  capped  by,  tuffs  and  grit- 
stones, apparently  of  submarine  origin. 

Tlie  neighbouring  peninsula  of  Lacuy  is  almost 
wholly  foroiedof  tufaceous  deposits,  connected  probably 
in  their  origin  with  the  volcanic  hills  just  described. 
The  tuffs  are  pale-coloured,  alternating  with  laminated 
mudstones  and  sandf tones  (all  easily  fusible)  and  passing 
sometimes  into  fine  grained  white  beds  strikingly  re- 
sembling the  great  upper  infusorial  deposit  of  Patagonia, 
and  sometimes  into  brecciolas  with  pieces  of  pumice  in 
the  last  stage  of  decay ;  these  again  pass  into  ordinai; 
coarse  breccias  and  conglomerates  of  bard  rocks.  With- 
in very  short  distances,  some  of  the  finer  tuffs  often 
passed  into  each  other  in  a  peculiar  manner,  namely, 
by  irregular  polygonal  concretions  of  one  variety  in- 
creasing so  much  and  so  suddenly  in  size,  that  the 
second  variety,  instead  of  any  longer  forming  the  entire 
mass,  was  left  merely  in  thin  veins  between  the  concre- 

'  In  a  cliff  of  the  hardest  fngmenttirj  mass,  I  found  acraral 
ttirtaoufl,  vertical  vcinii,  rarying  in  Ibickni^w  from  a  fev  tenths  of  M 
inch  In  one  inch  and  a  half,  of  a  Eubstance  which  I  bare  nut  seen  dca- 
cribed.  It  is  ^otxj.  and  of  a  brown  colour;  it  in  thinlj  laminated, 
with  the  laminv  Iran^parTnt  and  elaatie  :  it  ia  a  little  harder  than  tal- 
i3U¥0UB  vpsr;  it  ia   infoaible  under  tbe   blowpipe,   EumelimM  decre- 

eatea,  gi*e«  out  water,  curls  np.  blackeni  and  bfcomes  magiit^. 
r&i  eaiilj  disBolTW  a  caoBidenble  qnuntity  of  it,  and  giTea  a  gla9 
tinged  with  i^nen.  I  hare  do  idea  what  Iti  true  nattire  is.  On  flnt 
»ttiog  it,  I  mistook  it  for  lignite  I 
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tioDB.     Id  a  straight  line  of  cliffs,  at  Point  Tenuj,  I 
ezanuDed  the  following  remarkable  section  : — 
No.  3S. 


On  the  left  hand,  the  lower  part  (A  A)  consists  of  regular, 
alternating  strata  of  brown  tuffs  and  greenish  laminated 
mudstone,  gently  inclined  to  the  right,  and  conformably 
covered  by  a  mass  (B  Uff)  of  a  white,  tufaceous  and 
brecciolated  deposit.  On  the  right  hand,  tlie  whole 
cliff  (BB  Wjr/ti)  consists  of  the  same  white  tufaceous 
matter,  which  on  this  side  presents  scarcely  a  trace  of 
stratification,  but  to  the  left  becomes  very  gradually 
and  rather  indistinctly  divided  into  strata  quite  con- 
formable with  the  underlying  beds  (A  A) :  moreover,  a 
few  hundred  yards  farther  to  the  left,  where  the  surface 
has  been  less  denuded,  the  tufaceous  strata  (B  Isft)  are 
conformably  covered  by  another  set  of  strata,  like  the 
underlying  ones  (AA)  of  this  section.  In  the  middle 
of  the  diagram,  the  beds  (AA)  are  seen  to  be  abruptly 
cut  off,  and  to  abut  against  the  tufaceous  non-strati6ed 
mass;  but  the  line  of  junction  has  teen  accidenWA.-^ 


. . .  . zrr^ 


> 
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not  represented  steep  enough,  for  I  particularly  noticed 
that  before  the  beds  had  been  tilted  to  the  right,  this 
line  must  have  been  nearly  vertical.  It  appears  that  a 
current  of  water  cut  for  itself  a  deep  and  steep  sub- 
marine channel,  and  at  the  same  time  or  afterwards 
filled  it  up  with  the  tn&ceous  and  brecciolated  matter, 
and  spread  the  same  over  the  surrounding  submarine 
Wis ;  the  matter  becoming  stratified  in  th(^se  more 
distant  and  less  troubled  parts,  and  being  moreover 
subsequently  covered  up  by  other  strata  (like  A  A)  not 
shown  in  the  diagram.  It  is  singular  that  three  of  the 
l>ed8  (of  A  A)  are  prolonged  in  their  proper  direction, 
as  represented,  beyond  the  line  of  junction  into  the 
white  tufaceous  matter  :  the  prolonged  portions  of  two 
of  the  bedH  are  rounded ;  in  the  third,  the  terminal 
fra^mf^nt  has  been  pushed  upwards :  how  these  beds 
coulrl  have  been  left  thus  prolonged,  I  will  not  pretend 
t/>  explain.  In  another  sc^ction  on  the  opposite  side  of 
a  promontory,  there  was  at  the  foot  of  this  same  line 
of  junction,  tliat  is  at  the  bottom  of  the  old  submarine 
channel,  a  pile  of  fragments  of  the  strata  (A A),  with 
tluMr  intersti(!(;s  filled  up  with  the  white  tufaceous 
matt^*r :  this  is  exactly  what  mijjht  have  been  antici- 
paied  unrler  such  circumstances. 

The  various  tufaceous  and  other  beds  at  this  northern 
end  of  Chilo(i  probably  belong  to  about  the  same  age 
with  those  near  Castro,  and  they  contain,  as  there,  many 
fragments  of  ])lack  iiguite  and  of  silicified  and  pyritous 
wood,  often  embedded  close  together.  They  also  con- 
tain many  and  singular  concretions  :  some  are  of  hard 
calcareous  sandstone,  in  which  it  would  appear  that 
broken  volcanic  crystals  and  scales  of  mica  have  been 
better  preserved  (as  in  the  case  of  the  organic  remains 
nejir  Castro)  than  in  the  surrounding  mass.  Other 
coucn'V\o\\)^  in  the  white  brecciola,  are  ofahardfer- 
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Tufrinous,  yet  fusible,  nature;  they  are  as  round  as 
cannon-balls,  and  vary  from  two  or  three  inches  to  two 
feet  in  diameter ;  their  inBidea  generally  consiet  either 
of  fine,  scarcely  coherent  volcanic  sand,'  or  of  an  argil- 
laceous tuff;  in  this  latter  case,  the  external  cruet  was 
quite  thin  and  hard.  Some  of  the  spherical  balls  were 
encircled  in  the  line  of  their  equators,  by  a  necklace- 
like row  of  smaller  concretions.  Again  there  were  other 
concretions,  irregularly  formed,  and  composed  of  a  hard 
compact,  ash-coloured  stone,  with  an  almost  porcelain- 
OUB  fracture,  adhesive  to  the  tongue,  and  without  any 
calcareous  matter.  These  beds  fire,  also,  interlaced  by 
many  veins,  containing  gypsum,  ferruginous  matter, 
calcareous  spar,  and  agate.  It  was  here  seen  with  re- 
markable distinctness,  how  intimately  concretionary 
action  and  the  production  of  fissures  and  veins  are  re- 
lated together.  The  following  diagram  is  an  accurate 
Ho.  36. 
Gronnd  pfan  ihawlns 


representation  of  a  horizontal  space  of  tuff,  about  four 
'  The  frequent  tenJenr^  in  iron  to  form  hollow  coTicTttiouR  ot  ic«\\ 


feet  long  by  two  and  a  half  in  width  :  the  double  lines 
represeut  the  tissures  partially  filled  with  oxide  uf  iron 
nod  agate :  the  curvilinear  linea  show  the  course  of  tiie 
JailuiDtsruble,  concentric,  concretionary  zones  of  different 
Hliades  of  colour  and  of  coarsenesa  in  the  particles  of 
tuff.  The  symmetry  and  complexity  uf  the  arrangement 
gave  the  aur&ce  an  elegant  appearance.  It  may  be 
neon  how  obviously  the  fissures  determine  (or  have  been 
determined  by)  the  shape,  eometimes  of  the  whole  con- 
cretion, and  i«ometimes  only  of  its  central  parts.  The 
fissures  aUo  determine  the  curvatures  of  the  loog  undu- 
lating zones  of  concretionary  action.  From  the  ^'arying 
composition  of  the  veins  and  concretions,  t-he  amoTtnC^ 
of  chemical  action  which  the  mass  has  undergone  i^| 
surprisingly  great ;  and  it  would  likewise  appear  from 
the  difference  in  size  in  the  particles  of  the  concretionary 
zones,  that  the  mass,  also,  has  been  subjected  to  internal 
mechanical  movements. 

In  the  peninsula  of  Lacuy,  the  strata  over  a  width 
of  four  miles  have  been  upheaved  by  three  distinct,  and 
some  other  indistinct,  lines  of  elevation,  ranging  with- 
in a  point  of  north  and  south.  One  line,  about  200 
feet  in  height,  is  regularly  anticlinal,  with  the  strata 
dipping  away  on  both  sides,  at  an  angle  of  16%  from  a 
central '  valley  of  elevation,'  about  300  yards  in  width. 
A  second  narrow  steep  ridge,  only  sixty  feet  high,  is 
uniclinal,  the  strata  throughout  dipping  westward ; 
those  on  both  Banks  being  inclined  at  an  angle  of  from 
ten  to  fifteen  degrees ;  whilst  those  on  the  ridge  dip  in 
the  same  direction  at  an  angle  of  between  thirty  and 
forty  degrees.  This  ridge,  traced  northwards,  dies  away; 
and  the  beds  at  its  terminal  point,  instead  of  dipping 
westward,  are  inclined   12''  to  the  north.     This  case 
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interested  me,  as  being  the  first  in  which  I  found  in 
South  America,  formations  perhaps  of  tertiary  origin, 
broken  by  lines  of  elevation. 

Valdivia :  Island  of  Mocha. — The  formations  of 
Chiloe  seem  to  extend  with  nearly  the  same  character 
to  Valdivia,  and  for  some  leagues  northward  of  it :  the 
miderl3ring  rocks  are  micaceous  schists,  and  are  covered 
up  with  sandstone  and  other  sedimentary  beds,  including 
as  I  was  assured,  in  many  places  layers  of  lignite.  I 
did  not  land  on  Mocha  (lat.  38**  20'),  but  Mr.  Stokes 
brought  me  specimens  of  the  gray,  fine-grained,  slightly 
calcareous  sandstone,  precisely  like  that  of  Huafo,  con- 
tlkining  lignite  and  numerous  Turritellse.  The  island  is 
flat  topped,  1,240  feet  in  height,  and  appears  like  an 
outlier  of  the  sedimentary  beds  on  the  mainland.  The 
few  shells  collected  consist  of : — 

1.  Tarritellji  Chilensis,  G.  B.  Sowerby,  PI.  IV.  f.  51  (also  at  Huafo). 

2.  Fnsus,   Tery  imperfect,   somewhat   resembliDg  F.  gubreflexus  of 

Navidad  (PI.  IV.  f  67),  but  probably  different. 
S.  Venus,  fragments  of. 

Concepcion, — Sailing  northward  from  Valdivia,  the 
coast-cliffs  are  seen,  first  to  assume  near  the  E.  Tolten, 
and  thence  for  150  miles  northward,  to  be  continued 
with  the  same  mineralogical  characters,  immediately  to 
be  described  at  Concepeion.  I  heard  in  many  places 
of  beds  of  lignite,  some  of  it  fine  and  glossy,  and  likewise 
of  silicified  wood ;  near  the  Tolten  the  cliffs  are  low, 
but  they  soon  rise  in  height ;  and  the  horizontal  strata 
are  prolonged,  with  a  nearly  level  surface,  until  coming 
to  a  more  lofty  tract  between  points  Eumena  and 
Lavapie.  Here  the  beds  have  been  broken  up  by  at 
least  eight  or  nine  parallel  lines  of  elevation,  ranging 
E.  or  ENE.,  and  W.  or  WSW.  These  lines  can  be 
followed  with  the  eye  many  miles  into  the  interior; 
they  are  all  uniclinal^  the  strata  in  eacYi  dip^m^  lo  ^ 
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an  jiidia^tLoii  ima 
^reea,  aad  in  ihw^ 
1,     This   band   <*« 


point    bctwueu    S.    und    SttK, 
(be  central  lines  of  about  £orty  degrees, 
outer  ones  of  under  twenty   degrees, 
symmetrically  troubled  country  is  about  eight  miles  irflxi 
width.  \if 

The  island  of  Qiiiriquina,  in  the  Bay  of  Concepeion  (» 
is  formed  of  various  soft  and  often  ferrugiooua  sund'fbi 
stones,  with  bands  of  pebbles,  and  with  the  lower  strata 
sometimes  passing  into  a  conglomerate  resting  on  th« 
underlying  metamorphie  schists.  These  beds  includ) 
BTibordinate  layers  of  greenish  impure  clay,  soft  mica-  I 
ecoiis  and  calcareous  sandstones,  and  reddish  friabl» 
earthy  matter  with  white  specks  like  decomposed  crystak 
of  feldspar ;  they  include,  also,  bard  concretions,  frag- 
ments of  shells,  Iigmt«,  and  silicified  wooii.  In  tha 
upper  part  they  pass  into  wJiite,  soft  sediments  aad 
brecciolas,  very  like  those  described  at  Chiloe 
deed  is  the  whole  formation.  At  Lirguen  and  other 
places  on  the  eastern  side  of  the  bay,  there  are  good 
sections  of  the  lower  sandstouea,  wliich  are  generally 
ferruginous,  but  which  \ary  in  character,  and 
into  an  argillaceous  nature  ;  they  contain  hard  concre- 
tions, fragments  of  lignite,  silicified  wood,  and  pebbles 
(of  the  same  rocks  with  the  pebbles  in  the  sandstones 
of  Quiriqiiina),  and  they  alternate  with  numerous,  often 
very  thin  layers  of  imperfect  coal,  generally  of.  little 
specific  gravity.  The  main  bed  here  is  three  feet  thick; 
and  only  the  coat  of  this  one  bed  has  a  glossy  fracture. 
Another  irregular,  curvilinear  bed  of  brown,  compact 
lignite,  is  remarkable  for  being  included  in  a  mass  of 
coarse  gravel.  These  imperfect  coals,  when  placed  in  a 
heap,  ignite  spontaneously.  The  cliffs  on  this  side  of 
the  bay,  as  well  as  on  the  island  of  Quinquina,  are 
capped  with  red  friable  earth,  which,  as  stated  in  the 
ninth  chapter,  is  of  recent  formation.     The  etratificft- 
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|bn  in  this  neighbourhood  is  generally  horizontal ;  but 
Lirguen  the  beds  dip  NW,  at  an  angle  of  23** ; 
okear  Concepcion  they  are  also  inclined :  at  the  northern 
fiend  of  Quiriquina  they  have  been  tilted  at  an  angle  of 

'>0°  and  at  the  southern  end  at  angles  varying  from  1 5° 
\  vo  40^ :  these  dislocations  must  have  taken  place  under 
l-die  sea. 

a       A  collection  of  shells,  from  the  island  of  Quiriquina, 
ihas  been  described  by  M.  d'Orbigny :  they  are  all  extinct, 
[and  from  their  generic  character,  M.  d'Orbigny  inferred 
that  they  were  of  tertiary  origin :  they  consist  of : — 


1.  Scalaria      CLilensis,     d'Orbig. 

*  Voyage,  Part.  Pal.* 

t.  Katica  Araucana,  do. 

3.  Natica  aiistralis,  do. 

4.  Fosus  difficilis,  do. 

6.  Pymla  longirostra,  do. 

6.  Pleurotoraa  Araucana,  do, 

7.  CarJium  aaca,  do. 


S.  Cardium     acuticostatum, 
d'Orbig.  'Voyage  Pal.* 
9.  Venus  auca,  do. 

10.  Mactra  cecileana,  do. 

1 1 .  Mactra  Araucana,  do. 

12.  Area  Araucana,  do. 

13.  Nucula  Largillierti,  do. 

14.  Trigonia  Hanetiana,  do. 


Dimng  a  second  visit  of  the  Beagle  to  Concepcion, 
Mr.  Kent  collected  for  me  some  silicified  wood  and 
shells  out  of  the  concretions  in  the  sandstone  from  Tome, 
situated  a  short  distance  north  of  Liiguen ;  they  consist 
of:— 


1.  Natica  australis,  d'Orbig  *  Voy- 

age Pal.' 

2.  Mactra  Araucana,  do. 

3.  Triponia  Hanetiana,  do. 

4.  Pecten,  fragments  of,  probably 

two  species,  but  too  imperfect 


E.    Forbes. 


for  description. 

5.  Baciilites    vagina, 

Pl.V.  f.  3. 

6.  Nautilus     dOrbipnyanus.      E. 

Forbes,  PI.  V.  f.  1  (a)  and  1. 
(b). 


Besides  these  sheUs,  Captain  Belcher  *  found  here  an 
ATnmonite^  nearly  three  feet  in  diameter,  and  so  heavy 
that  he  could  not  bring  it  away ;  fragments  are  deposited 
at  Haslar  Hospital :  he  also  found  the  silicified  vertebrae 
of  some   very    large   animal.     From    the    identity   in 


'  Zoology  of  Capt.  Belcher's  Voyage/  p.  163. 
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mineralogical  nature  of  the  rocks,  and  from  CaptaJD 
Belcher's  minute  diacription  of  the  coast  between  Lirguen 
and  Tome,  the  fossiliferous  concretions  at  this  latter 
place  certainly  belong  to  the  eame  formation  with  the 
beds  examined  by  myaelf  at  Lirguen  :  and  these  agnin 
are  undoubtedly  the  same  with  the  strata  of  Quiriquina; 
moreover,  the  three  first  of  the  shells  from  Tome,  though 
associated  in  the  same  concretions  with  the  Baculite. 
are  identical  with  the  species  from  Quiriquina.  Hence 
all  the  sandstone  and  lignltiferons  beds  in  this  neigh- 
liourhood  certainly  belong  to  the  same  formation.  Al- 
though the  generic  character  of  the  Quiriquina  fossils 
naturally  led  M.  d'Orbigny  to  conceive  that  they  were 
of  tertiary  origin,  yet  as  we  now  find  them  as.snciated 
■with  the  BacuCites  vagina  and  with  an  Ammonite,  we 
must,  in  the  opinion  of  M.  d'Orbigny,  and  if  we  are 
guided  by  the  analogy  of  the  Northern  Hemisphere,  rank 
them  in  the  Cretaceous  system.  Moreover,  the  Baculiteg 
vagvnn,  which  is  in  a  tolerable  state  of  preservation, 
appears  to  Professor  E.  Forbes  certainly  to  be  identical 
with  a  species,  so  named  by  him,  from  Pondicheny  in 
India ;  where  it  is  associated  with  numerans  decidedly 
cretaceous  species,  which  approach  most  nearly  to  Lower 
G-reensand  or  ffeocomian  forms:  this  fact,  considering 
the  vast  distance  between  Chile  and  India,  is  truly  siir- 
prising.  Again,  the  Nautilus  d^Orbignyanua,  as  far 
as  its  imperfect  state  allows  of  comparison,  resembles, 
as  I  am  informed  by  Professor  Forbes,  both  in  its  general 
form  and  in  that  of  its  chambers,  two  species  from  the 
Upper  Greensand.  It  may  be  added  that  every  one  of 
the  above-named  genera  from  Quiriquina,  which  have 
an  apparently  tertiary  character,  are  found  in  the  Pon- 
dicherry  strata.  There  are,  however,  some  difficulties 
on  this  view  of  the  formations  at  Concepcion  being  cre- 
taceoiis,  which  I  shall  afterwards  allude  to ;  and  I  will 
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ere  only  state  that  the  Oardiv/m  auca  is  found  also  at 
loquimbo,  the  beds  at  which  place,  there  can  be  no 
oubt,  are  tertiary. 

Navidad.^ — The  Concepcion  formation  extends  some 
istance  northward,  but  how  far  I  know  not ;  for  the 
ext  point  at  which  I  landed  was  at  Navidad,  160  miles 
orth  of  Concepcion,  aijd  60  miles  south  of  Valparaiso. 
Tie  cliflFs  here  are  about  800  feet  in  height :  they 
Dnsist,  wherever  I  could  examine  them,  of  fine-grained, 
ellowish,  earthy  sandstones,  with  ferruginous  veins,  and 
ith  concretions  of  hard  calcareous  sandstone.  In  one 
art,  there  were  many  pebbles  of  the  common  meta- 
lorphic  porphyiies  of  the  Cordillera:  and  near  the 
ase  of  the  cliflf,  I  observed  a  single  rounded  boulder  of 
reenstone,  nearly  a  yard  in  diameter.  I  traced  this 
indstone  formation  beneath  the  superficial  covering  of 
ravel,  for  some  distance  inland :  the  strata  are  slightly 
Qclined  from  the  sea  towards  the  Cordillera,  which 
pparently  has  been  caused  by  their  having  been  accu- 
lulated  against  or  round,  outlying  masses  of  granite, 
f  which  some  points  project  near  the  coast.  The  sand- 
bone  contains  fragments  of  wood,  either  in  the  state  of 
gnite  or  partially  silicified,  sharks'  teeth,  and  shells  in 
reat  abundance,  both  high  up  and  low  down  the  sea- 
liflfs.  Pectunculus  and  Oliva  were  most  numerous  in 
idividuals,  and  next  to  them  Turritella  and  Fusus.  I 
ollected  in  a  short  time,  though  suffering  from  illness, 
be  following  thirty-one  species,  all  of  which  are  extinct, 
nd  several  of  the  genera  do  not  now  range  (as  we  shall 
ereafter  show)  nearly  so  far  south  : — 

1.  Gastridium  cepa,  G.  B.  Sowerby,  PI.  IV.  f.  68,  69. 

2.  Monoceros,  fraiijments  of,  considered  by  M.  d'Orbigny  as  a  new 

species. 


•  I  was  guided  to  this  locality  by  the  Report  on  M.  Gwy'ft  *  GfcoXo^- 
\L  Researches,'  in  the  '  Annales  des  Scienc.  Nat.*  (^Vst  aetiea^  \jotq..  7.%. 

D  D 


3.  VoIqU  &IU,   0.  H.   Sowerbj.   PI.  IV.   T.  75  (conndered  bj  1 

d'Orbiguy  iwdiatiDCt  from  the  V.bIih  uf  S.  Cruz). 

4,  Vo!aI«  irSpliciitn.  O.  B.  Soworhy.  PI.  IV.  f.  71. 

6,  (lliYH  diiiiiiliii(»,  ^0.  PI.  rV.  f.  78.  77. 
II.  PlBurotonui  cliwnra,  do.  PI.  IV.  f.  si. 

7,  P1nar.tonm  lurbiniiUoidw,  di>.  PI.  IV.f.  53. 

8,  Kiiduii  Hiilirefloiaii.  dn.  PI.  IV.  f.  57. 
0,  Fmu.  pjruliformiM.  do.  PI,  IV.  f.  58. 

10.  Finiia,  ultiwi  to  P.  wgalnri»,  PI.  IV.  f,  65  (cont'iJered  lij-  3 


^ 


d'Ort>ign;  M  A  dixtinn  «ped«). 
TtirrllMllH  mliimlli.  H.  B.  Somrby.  fl.  lli.  f.  ail. 
12.  Tnrrilflln  Pulniwiiini  (do.).  PI.  in.  f.  49  (fmgmen 


13.  TtdoIiiu  IstU.  0.  B,  Buwerbj.  PI.  III.  t.  46,  47. 

14.  Trovhiu    colLiria,    do.,    PI.  III.    f.  14.   45  (coiiaiderei    l.j  M 

il'OrLiitny  iia  the  younB  nf  the  T.  1»ttb1. 

15.  Cm-sis  monilifor.  G.  B.  Sowprb?.  PI.  IV.  f.  65. 
IB.  Pyrnla  disUne.  do..  PI.  IV.  t  61. 

17.  Triton  TOmictilosin,  do.,  PI.  IV.  f.  63. 

IS.  SigsfBto*  subgbboBM,  G.  B.  SowBrby,  PI.  in.  f,  3S,  37. 

la.  NMica  BolidH.  do..  PI.  m.  f.  40,  41  (itis  dntibtfulnrhethar  iIm  H 

Mlldn  of  S.  Cnu  i"  the  (Oinp  iipe*i*i  with  this), 
SO.  Trn-bw  iin.liilifura.  0.  B.  .'■■oitpAjv,  PI.  IV.  f.  72,  78. 

21.  TLrLbriiTWll.tM,  il^.Pl.  IV.  f,  70,  71. 

22.  Build  (fmnments  of). 

SS.  Deotalium  gigaDl«im.  do.,  PI.  II.  t.  1. 

24.  Dentnlium  lulcoBum.  do.,  PI.  II.  f.  2. 

25.  Corbis  (?)  ItevigntA.  do.,  PI.  11.  f.  11. 

26.  Cudiuni  multiiwiiMuni,  do.,  PI.  II.  f.  10. 

27.  Veniu  mmdioiuiliB.  do.,  H.  II.  f.  13. 

25.  PertunculuB  dispsr.  (?)  Desh.  (considered  by  M.  d'Orbigny  rb 

dintinrt  BpeciH). 

26,  SO.  Cythennk    find    Mnctrn,    fragmenta    of   (roDnidsred    by    U 

d'Orbilfny"*  new  gpecioe). 
81.  F«et«a,  fWigmentj  of. 


Coquimbo. — For  more  than  200  miles  northward  of 
Navidad,  the  coast  coDsista  of  plutonic  and  metamorphic 
rocks,  with  the  esception  of  some  quite  insignificant 
superficial  beds  of  recent  origin.  At  Tonguay,  twenty- 
five  miles  south  of  Coquimbo,  tertiary  beds  recommence. 
I  have  already  minutely  described  in  the  ninth  chapter, 
the  step-formed  plains  of  Coquimbo,  and  the  upper 
calcareous  beds  (from  twenty  to  thirty  feet  in  thickness) 
containing  shells  of  recent  spetue!>,  but  in  different 
proportions  from  those  on  the  beach.  There  remains 
1^  be  described  only  the  underlying  ancient  tertiary 
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beds,  represented  in  the  following  diagram  (here  given 
again)  by  the  letters  F  and  E : — 

No.  87. 
Section  of  the  Tertiary  Formation  at  Coqoimbo. 

Sarface  of  plain,  252  feet  above  sea. 

C  ) I    ^^  y€C. 


Level  of  Sea. 

F — LoTrer  Sandstone,  with  concretions  and  siUcified  bones,  \  with  fowil  shellii.  all.  or 
E— Upper  ftrmginons  sandtttone,  with  nnmerons  Balani,     \     nearly  all,  esrtinot. 
C  and  D.— Calcareous  be;is  with  recent  shells.    A— Stratified  sand  in  a  ravine,  also 
with  recent  shells. 

I  obtained  good  sections  of  bed  (F)  only  in  Herra- 
dura  Bay :  it  consists  of  soft  whitish  sandstone,  with 
ferruginous  veins,  some  pebbles  of  granite,  and  concre- 
tionary layers  of  hard  calcareous  sandstone.  These 
concretions  are  remarkable  from  the  great  number  of 
large  silicified  bones,  apparently  of  cetaceous  animals, 
which  they  contain ;  and  likewise  of  a  shark's  teeth, 
closely  resembling  those  of  the  Carcharids  megalodon. 
Shells  of  the  following  species,  of  which  the  gigantic 
Oyster  and  Perna  are  the  most  conspicuous,  are  numer- 
ously embedded  in  the  concretions  : — 

1.  Bulla  ambigiia,  d'Orbig.  *  Voyage  Pal.' 

2.  Monoceros  JBlainvillii,  do. 

3.  Cardium  auca,  do. 

4.  Panopaea  Coquimbensis,  do. 

5.  P^rna  Gaudichaudi,  do. 

6.  Artemis   ponderosa ;  Mr.    Sowerby    can    find    no   diiitlnpriiishinu: 

character  Ixftween  this  fossil  and  the  recent  A.  ponderosa ;  it  is 
certainly  an  Ai tends,  as  shown  by  the  pallial  impression. 

7.  Ostrea  Patagonica  (?)  Mr.  Sowerby  can  point  out  no  distinguishing 

character  between  this  species  and  that  so  eminently  characteris- 
tic of  the  great  Patiigonian  formation  ;  but  he  "will  not  pretend 
to  affirm  that  they  are  identical. 

8.  Fragmtints  of  a  Venus  and  Natica, 

The  cliffs  on  one  side  of  Herradura  Bay  are  e^^^^ 
by  a  mass  of  stratified  shingle,  containing  a\\lt\e  cvjiXa^- 

D   D   2 
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reatiK  matter,  ftnd  I  did  not  doubt  that  it  belonged  to 
tbe  same  recent  formation  with  the  gravel  on  the  sur- 
rounding plains,  also  cemented  by  calcareous  matter, 
until  to  my  Biiiprifte,  I  foimd  in  the  midst  of  it,  a  Bin^lc 
thin  layer  almost  entirely  composed  of  the  above  gigantic 
oyster. 

At  a  little  distance  inland,  I  obtained  several  sectiona 
of  tbe  bed  (E),  which,  though  different  in  appearance 
from  the  lower  bed  (P'), belongs  to  the  same  formation: 
it  consintd  of  a  highly  ferruginous  sandy  mass,  almost 
composed,  like  the  lowest  bed  at  Port  S.  Julian,  of 
fragments  of  Balanidie ;  it  includes  some  pebbles,  and 
layers  of  yellowish -brown  mudstone.  The  embedded 
shells  consist  of : — 

.    ].  H<>nn«er<i9  Btainrillii.  d'Oibig.  'Vojiura  Fnl.' 

•i.  smLictnus.  G.  H.  Sowprhy.  PI,  IV.  f.  68.  87. 

3.  Anomin  HiteniHtiB.  do..  PI.  II.  f.  Vih. 

4.  Pmud  ruiiii<,do.,  PI.  IlL  f.  S2. 

5.  FeiDa  Gnndichandi,  d'Orbig.  '  Tojage  FoL' 
d.  Oetren  PnlHConini  (?)         do. 

7.  OttTCB.  Hmali  spiviiw,  in  imperfect  Mate  ;  it  appeared  to  me  like  A 

bihhII  kin'l  dow  living  in,  bat  rer;  rare  ia  the  bay. 

8.  Mjlilos  ChiloenuB  ;  Mr.  Sowerbf  can  find  no  dietinfrnixhiog  cha- 

nuter  between  thin  fowil,  aa  f^  ni  its  not  very  perfect  condition 
allniTB  of  compariaon.  and  the  reoen I,  species. 

9.  Balanua  Ctqoimbensii.  O.  B.  Sowerby,  PI.  II.  f.  7. 

10,  Ualanus  pgiitaniB?  King.  Tbiii  appeorH  to  Mr.  Sowerhy  Bud 
myBplf  idenlical  irilh  a  rery  Urge  and  commoD  species  now 
living  OQ  the  const. 

The  uppermost  layers  of  this  ferrugino-^andy  mass 
are  conformably  covered  by,  and  impregnated  to  the 
depth  of  several  inches  with,  tbe  calcareous  matter  of 
the  bed  (D)  called  loaa:  hence  I  at  one  time  imagined 
that  there  was  a  gradual  passage  between  them ;  but  as 
all  the  species  are  recent  in  the  bed  (D),  whilst  the 
most  characteristic  shells  of  the  uppermost  layers  of  (K) 
are  the  extinct  Perna,  Pecten,  and  Monoceros,  I  ^jree 
with  M.d'Orbigny,that  this  view  is  erroneous,  and  that  , 
there  is  only  a  miieralogical   passage  between  them,    i 
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and  no  gradual  transition  in  the  nature  of  their  organic 
remains.  Besides  the  fourteen  species  enumerated  from 
these  two  lower  beds,  M.  d'Orbigny  has  described  ten 
other  species  given  to  him  from  this  locality ;  namely, 


1.  Fusus      Cleryanus,    d'Orbig. 

*  Voyage  Pal.* 

2.  potitiaDUs, 


3.  Venu:}  hnnetinna, 

4.  incerta  (?) 

6. Cleryana, 


do. 
do. 
do. 
do. 


6.  Venus      petitiana,      d'Orbig. 

*  Voyage  Pal.' 

7.  Chilensis,  do. 

8.  iSolecurtus  banetianus,    do. 

9.  Mactra  auca,  do. 
10.  Oliva  8crena,  do. 


Of  these  twenty-four  shells,  all  are  extinct,  except, 
according  to  Mr.  Sowerb^,  the  Artemis  ponderosa, 
Mytilus  Chiloeiisis^  and  probably  the  great  Balanus. 

Coquimbo  to  Copiapo. — A  few  miles  north  of  Co- 
quimbo,  I  met  with  tlie  ferruginous,  balaniferous  mass 
(E)  with  many  silicified  bones ;  I  was  informed  that 
these  silicified  bones  occur  also  at  Tonguay,  south  of 
Coquimbo :  their  number  is  certainly  remarkable,  and 
they  seem  to  take  the  place  of  the  silicified  wood,  so 
common  on  the  coast-formations  of  southern  Chile.  In 
the  valley  of  Chaiieral,  I  again  saw  this  same  formation, 
capped  with  the  recent  calcareous  beds.  I  here  left 
the  coast,  and  did  nob  see  any  more  of  the  tertiary 
formations,  until  descending  to  the  sea  at  Copiapo : 
here  in  one  place  I  found  variously  coloured  layers  of 
sand  and  soft  sandstone,  with  seams  of  gypsum,  and  in 
another  place,  a  comminuted  shelly  mass,  with  layers 
of  rotten-stone  and 'seams  of  gypsum,  including  many 
of  the  extinct  gigantic  oyster :  beds  with  these  oysters 
are  said  to  occur  at  English  Harbor,  a  few  miles  north 
of  Copiapo. 

Coast  of  Peru, — With  the  exception  of  deposits 
containing  recent  shells  and  of  quite  insignificant 
dimensions,  no  tertiary  formations  have  been  observed 
on  this  coast,  for  a  space  of  twenty-two  degrees  of  lati- 
tude north  of  Copiapo,  until  coming  to  Payta,  where 


there  is  said  to  be  a  cooetderalile  ca]c«reot»  deposit :  a 
few  fossils  have  been  described  by  51.  iCOrbigny  fn>iu 
this  place,  namely  : — 

1.  It/wikllarin  Gsiulichandi,  •fOrbig.  'Tojagn  FnL' 

2.  P«ctniiculn»  Fajtenns,  da. 

3.  Veaua  f«tiiiui&.  do. 

i.  Oacnn  PaMgoDioi?  Tbu  grot  o}rM«r  (of  wbich  ipminana  Iiat* 
been  f\\ta  m«)  oiDnot  b«  disiiDgaiKhcil  br  Mr.  .Sowert.j  Troin 
ttmv  rf  the  mrietio*  from  Pala^iu ;  'though  it  wunld  bo 
hujirjoiu  to  BOBrrt  it  Is  the  mma  with  tlinL  apwim,  oi  with  (tiitt 
trom  Coquimtxi. 

Cancluilinfi  Rf.marke. — The  formatioDs  described 
in  this  chapUrr,  have,  in  the  case  of  Cbiloe  and  probably 
in  that  of  Conoepcion  and  Xavidad,  apparently  been 
accumulated  in  truughn  formed  by  submarine  ridges 
extending  parallel  to  the  ancient  shores  of  the  continent ; 
in  the  case  of  the  islandi^  of  Mocha  and  Huafo   it  is 
highly  probable,  and  in  that  of  Ypun  and  Lemtis  almost 
certain,  that    they  were   acciunulated    round    isolated 
rocky  centres  or  nuclei,  in  the  game  manner  as  njiid 
and  sand  is  now  collecting  round  the  outlying  islets    i 
and  reefe  in  the  \\'est  Indian  archipelago.     Hence,  I 
may  remark,  it  does  not  follow  that  the  outlying  ter-l, 
tiaiy  masses  of  Mocha  and  Huafo  were  ever  continuoubly  l|i 
united  at  the  same  level  with  the  formations  on  thel 
mainland,  though  they  may  have  been   of  contempora-L , 
neous   origin,  and   been  subsequently    upraised  to  thejup 
name  height.     In  the  more  northern  parts  of  Chile,  ^"m^^^ 
tertiary  strata  seem  to  have  been  separately  accumit  ^ 
lated  in  l>ayB,  now  forming  the  mouths  of  valleys.  ,^ 

The  relation  between  these  several  deposits  on  th  J^ 
8hores  of  the  Pacific,  is  not  nearly  so  clear  as  in  tb  |j)_ 
caseof  theterfdary  formationson  the  Atlantic.  Judgin  ._^ 
from  the  form  and  height  of  the  land  (evidence  whit  ^j^ 
I  feel  sure  is  here  much  more  trustworthy  than  it  ca  |g  . 
lie  in  such  broken  ctrntiuents  as  that  of  Europe),  froi  j^jj 
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he  identity  of  mineralogical  composition,  from  the 
presence  of  fragments  of  lignite  and  of  silicified  wood, 
.nd  from  the  intercalated  layers  of  imperfect  coal^  I 
Qust  believe  that  the  coast-formations  from  central 
)hiloe  to  Concepcion,  a  distance  of  400  miles,  are  of 
he  same  age :  from  nearly  similar  reasons,  I  suspect 
hat  the  beds  of  Mocha,  Huafo,  and  Ypmi,  belong  also 
o  the  same  period.  The  commonest  shell  in  Mocha 
nd  Huafo  is  the  same  species  of  Turritella ;  and  I 
relieve  the  same  Cytheraea  is  found  on  the  islands  of 
luafo,  Chiloe,  and  Ypun ;  but  with  these  trifling  ex- 
eptions,  the  few  organic  remains  found  at  these  places 
re  distinct.  The  numerous  shells  from  Navidad,  with 
he  exception  of  two,  namely,  the  Sigaretus  and  Tur- 
itella  found  at  Ypun,  are  likewise  distinct  from  those 
bund  in  any  other  part  of  this  coast.  Coquimbo  has 
^ardium  auca  in  common  with  Concepcion,  and  Fusua 
lleryanua  with  Huafo ;  I  may  add,  that  Coquimbo  has 
7enu8  petitianay  and  a  gigantic  oyster  (said  by 
kL  d'Orbigny  also  to  be  found  a  little  south  of  Concep- 
ion)  in  common  with  Payta,  though  this  latter  place 
9  situated  twenty-two  degrees  northward  of  lat.  27%  to 
rhich  point  the  Coquimbo  formation  extends. 

From  these  facts,  and  from  the  generic  resemblance 
f  the  fossils  from  the  different  localities,  I  cannot  avoid 
he  suspicion  that  they  all  belong  to  neai-ly  the  same 
poch,  which  epoch,  as  we  shall  immediately  see,  must 
•e  a  very  ancient  tertiary  one.  But  as  the  Baculite, 
apecially  considering  its  apparent  identity  with  the 
'retaceous  Pondicherry  species,  and  the  presence  of  an 
^mmonite,  and  the  resemblance  of  the  Nautilus  to  two 
pper  greensand  species,  together  afford  very  strong 
Hdence  that  the  formation  at  Concepcion  is  a  Secondary 
cie  ;  I  will,  in  my  remarks  on  the  fossils  from  the  other 
►calities,  put  on  one  side  those  from  Concepcion  and 
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from  Eastern  Chiloe,  which,  whatever  their  age  may  be, 
appear  to  me  to  belong  to  one  group.  I  must^  however, 
again  call  attention  to  the  fact  that  the  Cardium  auca 
ifl  found  both  at  Concepcion  and  in  the  undoubtedly 
tertiary  strata  of  Coquimbo  2  nor  should  the  possibility 
be  overlooked,  that  as  Trigonia,  though  known  in  the 
Northern  Hemisphere  only  as  a  Secondary  genus,  has 
living  representatives  in  the  Australian  seas,  so  a  Bacu- 
lite,  Ammonite,  and  Trigonia  may  have  survived  in  this 
remote  part  of  the  Southern  Ocean  to  a  somewhat  later 
period  than  to  the  north  of  the  equator. 

Before  passing  in  review  the  fossils  from  the  other 
localities,  there  are  two  points,  with  respect  to  the  for- 
mations between  Concepcion  and  Chiloe,  which  deserve 
some  notice.  First,  that  though  the  strata  are  generally 
horizontal,  they  have  l>een  upheaved  iu  Cbiloe  in  a  set 
of  parallel  anticlinal  and  uiiiclinal  lines  rani^ing  north 
and  south, — in  the  district  near  P.  Rumena  by  eight 
or  nine  far-extended,  most  symmetrical,  uniclinal  lines 
ranging  nearly  east  and  west, — and  in  the  neigh l)ourhood 
of  Concepcion  by  less  regular  single  lines,  directed  both 
NE.  and  SW.,  and  NW.  and  SE.  Tliis  fact  is  of  some 
interest,  as  showing  that  within  a  period  which  cannot 
be  considered  as  very  ancient  in  relation  to  the  history 
of  the  continent,  the  strata  between  the  Cordillera  and 
the  Pacific  have  been  l)roken  up  in  the  same  variously- 
directed  manner  as  have  the  old  pliitonic  and  meta- 
morphic  rocks  in  this  same  district.  The  second  point 
is,  that  the  sandstone  between  Concepcion  and  Southern 
Chiloe  is  everywhere  lignitiferous,  and  includes  much 
fiilicified  wood  ;  whereas  the  formations  in  Northern 
Chile  do  not  include  beds  of  lignite  or  coal,  and  in  place 
of  the  fragments  of  siliciiied  wood  there  are  silicified 
bones.  Now,  at  the  present  day,  from  Cape  Horn  to 
near  Concepcion,  the  land  is  entirely  concealed  by  forests. 
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which  thin  out  at  Concepcion,  and  in  central  and 
northern  Chile  entirely  disappear.  This  coincidence  in 
the  distribution  of  the  fossil  wood  and  the  living  forests 
may  be  quite  accidental ;  but  I  incline  to  take  a  diflFe- 
rent  view  of  it ;  for,  as  the  difference  in  climate,  on 
which  the  presence  of  forests  depends,  is  here  obviously 
in  chief  part  due  to  the  form  of  the  land,  and  as  the 
Clordillera  undoubtedly  existed  when  the  lignitiferous 
beds  were  accumulating,  I  conceive  it  is  not  improbable 
that  the  climate,  during  the  lignitiferous  period,  varied 
on  different  parts  of  the  coast  in  a  somewhat  similar 
manner  as  it  now  does.  Looking  to  an  earlier  epoch, 
when  the  strata  of  the  Cordillera  were  depositing,  there 
were  islands  which  even  in  the  latitude  of  Northern 
Chile,  where  now  all  is  irreclaimably  desert,  supported 
large  coniferous  forests. 

Seventy-nine  species  of  fossil  shells,  in  a  tolerably 
recognisable  condition,  from  the  coast  of  Chile  and  Peru, 
are  described  in  this  volume,  and  in  the  Palaeontelogical 
partof  M.  d'Orbigny's  'Voyage':  if  we  put  on  one  side 
the  twenty  species  exclusively  found  at  Concepcion  and 
Chiloe,  fifty-nine  species  from  Navidad  and  the  other 
specified  localities  remain.  Of  these  fifty-nine  speci«*8 
only  an  Artemis,  a  Mytilus,  and  Balanus,  all  from 
Coquiinbo,  are  (in  the  opinion  of  Mr.  Sowerby,  but  not 
in  that  of  M.  d'Orbigny)  identical  with  living  shells; 
and  it  would  certainly  require  a  better  series  of  speci- 
mens te  render  this  conclusion  certain.  Only  the 
Turritella  Chilensis  from  Huafo  and  Mocha,  the  T. 
Patagonica  and  Venus  meridioTuvlis  from  Navidad, 
come  very  near  to  recent  South  American  shells,  namely, 
the  two  Turritellas  to  T.  cingulata,  and  the  Venus  to 
V,  exalbicla :  some  few  other  species  come  rather  less 
near ;  and  some  few  resemble  forms  in  the  older  Euro- 
pean  tertiary  deposits :  none  of  the  species  resemble 
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secondary  forms.  Hentie  I  couceive  there  aia  be  no 
doubt  tliat  these  formations  are  tertmiy, — a  point  ne- 
cessary to  consider,  after  the  case  of  Concepcion.  The 
fifty-nine  species  belong  to  thirty-two  genera ;  of  these, 
Gastridium  \&  extinct,  and  three  or  four  of  the  genera 
(viz,  Panopoea,  Rostellaria,  Corbis?,  and  I  believe 
Solecurtue)  are  not  now  found  on  the  west  coast  of  South 
America.  Fifteen  of  the  genera  have  on  this  coast 
living  representatives  in  about  the  some  latitudes  with 
the  foB&il  species ;  but  twelve  genem  now  range  very 
differently  to  what  they  formerly  did.     The  idea  of  the 
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6°  P»j  m 

Volula      .        .     . 

34'*  to  44'  30' 

Mr.  Cuming  docs  not 
know  of  liny  speci«B 
liviug  on  iho  we-l 
cOHHt,  liftToen  die 
eqnntvr  and  I»l.  48° 
soutli;fruuithi»Uli- 

foundtufHrsoQUisa 
Ticrra  ,k.l  Fu«go. 

<  H.  d'OrbiKn?  Btotn*  that  ths  genua  Naticu  in  not  foand  on  tha 
coast  of  Chile  ;  but  Mr.  Cuming  found  it  at  ValpnrftiHO.  Scalaria  mi 
found  at  Valparaioo ;  Area,  at  Iquique.  in  tat.  20°,  by  Mr.  Cuminf ; 
Area,  also,  was  found  by  Capt.  King,  at  Juan  Fernandez,  in  lot.  3J° 
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table  on  the  previous  pafj^e,  in  which  the  difference 
between  the  extension  in  latitude  of  the  fossil  and  existing 
species  is  shown,  is  taken  from  M.  d'Orbigny's  work ;  but 
the  range  of  the  living  shells  is  given  on  the  authority 
of  Mr.  Cuming,  whose  long-continued  researches  on  the 
oonchology  of  South  America  are  well  known. 

When  we  consider  that  very  few,  if  any,  of  the  fifty- 
nine  fossil  shells  are  identical  with,  or  make  any  close 
approach  to,  living  species ;  when  we  consider  that  some 
of  the  genera  do  not  now  exist  on  the  west  coast  of 
South  America,  and  that  no  less  than  twelve  genera  out 
of  the  thirty-two  formerly  ranged  very  differently  from 
the  existing  species  of  the  same  genera,  we  must  admit 
that  these  deposits  are  of  considerable  antiquity,  and 
that  they  probably  verge  on  the  commencement  of  the 
tertiary  era.  May  we  not  venture  to  believe,  that  they 
are  of  nearly  contemporaneous  origin  with  the  Eocene 
formations  of  the  Northern  Hemisphere  ? 

Comparing  the  fossil  remains  from  the  coast  of  Chile 
(leaving  out,  as  before,  Concepcion  and  Chiloe)  with 
those  from  Patagonia,  we  may  conclude,  from  their 
generic  resemblance,  and  from  the  small  number  of  the 
species  which  from  either  coast  approach  closely  to 
living  forms,  that  the  formations  of  both  belong  to 
nearly  the  same  epoch ;  and  this  is  the  opinion  of  M. 
d'Orbigny.  Had  not  a  single  fossil  shell  been  common 
to  the  two  coasts,  it  could  not  have  been  argued  that 
the  formations  belonged  to  different  ages ;  for  Messrs. 
Cuming  and  Hinds  have  found,  on  the  comparison  of 
nearly  2,000  living  species  from  the  opposite  sides  of 
South  America,  only  one  in  common,  namely,  the  Pur- 
pnra  lapillus  from  both  sides  of  the  Isthmus  of  Panama : 
even  the  shells  collected  by  myself  amongst  tlie  Chonos 
Islands  and  on  the  coast  of  Patagonia,  are  dissimilar, 
and  we  must  descend  to  the  apex  of  the  continent,  to 


Tierra  del  Fuego,  to  find  tbefic  two  great  coiicholo«i<^al 
provinces  united  into  one.  Hence  it  is  remarkable  that 
four  or  five  of  the  fossil  sliells  from  Navidad,  namely. 
Valuta  alta,  TurriteUa  Patagonica,  Troehus  ooliarin, 
Venvs  msridiitiialia,  perhaps  NiUica  soUda,  and  per- 
haps the  large  oyster  from  Coqiiimbo,  are  considered  by 
Mr.  Sowerby  as  identical  with  s]>ecie8  from  Rant-a  Cm/ 
and  Port  Desire.  M.  d'Urbiguy,  boyever,  admits  the 
perfect  identity  only  of  the  Troehus. 

On.  the  Temperature  of  the  Te-rtuiry  PenoiL — As 
the  number  of  the  fossil  species  and  genera  from  the 
western  and  eastern  coasts  is  considerable,  it  will  be 
interesting  to  consider  the  probable  nature  of  the 
climate  imder  which  they  lived.  We  will  first  take  the 
casu  of  Nnvidail,  in  hit.  34°,  where  thirty-one  species 
were  collected,  and  which,  aa  we  shall  presently  see, 
must  have  inhabited  shallow  water,  and  therefore  will 
necessarily  well  exhibit  the  eSects  of  temperature. 
Referring  to  the  Table  given  in  the  previous  page,  we 
find  that  the  existing  species  of  the  genera  Cassia, 
Pyrula,  Pleurotoma,  Terebra,  and  Sigaretus,  which  are 
generally  (though  by  no  means  invariably)  characteristic 
of  wanner  latitudes,  do  not  at  the  present  day  range 
nearly  so  &r  south  on  this  line  of  coast  as  the  fossil 
species  formerly  did.  Including  Coquimbo,  we  have 
Pema  in  the  same  predicament.  The  iir^t  impression 
from  this  fact  is,  that  the  climate  must  formerly  have 
been  warmer  than  it  now  is ;  but  we  muat  be  very 
cautious  in  admitting  this,  for  Cardium,  Bulla,  and 
Fusus  (and,  if  we  include  Coquimbo,  Anomia  and 
Artemis)  likewise  formerly  ranged  farther  south  than 
they  now  do ;  and  aa  these  genera  are  far  from  being 
characteristic  of  hot  climates,  their  former  greater 
southern  range  may  well  have  been  owing  to  causes 
quite   distinct  from  climate :   Voluta,  again,   though 
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generaUy  so  tropical  a  geniis,  is  at  present  confined  on 
the  west  coast  to  colder  or  more  southern  latitudes  than 
it  was  during  the  tertiary  period.  The  Trochua  collaria, 
moreover,  and,  as  we  have  just  seen  according  to  Mr. 
Sowerby,  two  or  three  other  species,  formerly  ranged 
from  Navidad  at  far  south  as  Santa  Cniz  in  lat,  50®.  If, 
instead  of  comparing  the  fossils  of  Navidad,  as  we  have 
hitherto  done,  with  the  shells  now  living  on  the  west 
coast  of  South  America,  we  compare  them  with  those 
found  in  other  parts  of  the  world,  under  nearly  similar 
latitudes ;  for  instance,  in  the  southern  parts  of  the 
Mediterranean  or  of  Australia,  there  is  no  evidence 
that  the  pea  off  Navidad  was  formerly  hotter  than  what 
might  have  been  expected  from  its  latitude,  even  if  it 
was  somewhat  warmer  than  it  now  is  when  cooled  by 
the  great  southern  polar  current.  Several  of  the  most 
tropical  genera  have  no  representative  fossils  at  Navi- 
dad ;  and  there  are  only  single  species  of  Cassis,  Pyrula, 
and  Sigaretus,  two  of  Pleurotoma  and  two  of  Terebra, 
but  none  of  tliese  species  are  of  conspicuous  size.  In 
Patagonia,  there  is  even  still  less  evidence  in  the 
character  of  the  fossils,  of  the  climate  having  been 
formerly  warmer.*  As  from  the  various  reasons  already 
assigned,  there  can  be  little  doubt  that  the  formations 
of  Patagonia  and  at  least  of  Navidad  and  Coquimbo  in 
Chile,  are  the  equivalents  of  an  ancient  stage  in  the 
tertiary  formations  of  the  northern  hemisphere,  the 
conclusion  that  the  climate  of  the  southern  seas  at  this 
period  was  not  hotter  than  what  might  have  been  ex- 
pected from  the  latitude  of  each  place,  appears  to  me 
highly  important ;  for  we  must  believe,  in  accordance 

'  It  may  bo  worth  while  to  mention  that  tho  shells  living  at  the 
present  thy  on  this  eastern  8i<le  of  S.  America,  in  lat.  40*^,  have  perhaps 
a  moiv  tropical  character  than  those  in  corresponding  latitudes  on  the 
shores  of  Europe  :  for  at  Bahia  Blanca  and  S.  Bias,  there  are  t^'O  ^x^^ 
#pecies  of  VoliiU  and  four  of  Oliva. 
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with  the  \'iewfl  of  Mr,  Lyell,  that  the  caueee  irhich  gave 
to  the  older  tertiary  prodTietiors  of  the  quit«  temperate 
zone^  of  Europe  a  tropical  character,  WA-t  of  a  Irx^al 
ckttracter  and  did  not  affect  the  entire  globe.  On  the 
other  hand,  I  have  endeavoured  to  show,  in  the  '  Geo- 
logicnl  Transactions,'  that,  at  a  mut-h  later  period,  Europe 
and  North  and  South  America  were  nearly  contempora- 
neously subjected  to  ice-action,  and  consequently  to  a 
colder,  or  at  least,  more  equable  climate  than  that  now 
characteristic  of  the  same  latitudes. 

On  tJie  Absence  0/ exteTisive  ■modem  Conchi/eroits 
Dfposita  vn  South  America;  and  on  the  Contempo- 
raneouane^e  of  the  older  Tertiary  DepOf^lts  at  di«tnnt 
j>omia  being  due  to  contemporaneous  moveTmnta  of 
»rt(?iH/i/eftt'*.— Knowing  from  the  researches  of  Professor 
E.  Forbes,  that  moUuscoufi  animals  chiefly  abound 
vithin  a  depth  of  100  fothoms  and  under,  and  bearing 
ID  mind  how  many  thousand  miles  of  both  coasts  of 
South  America  have  been  upraised  within  the  recent 
period  by  a  slow,  long-continued,  intermittent  move- 
ment,— seeing  the  diversity  in  nature  of  the  shores  and 
the  number  of  shells  now  living  on  them, — seeing  also 
that  the  sea  off  Pat^onia  and  off  many  parts  of  Chile, 
was  during  the  tertiary  period  highly  favourable  to  the 
accumulation  of  sediment, — the  absence  of  extensive 
deposits  including  recent  shells  over  these  vast  spaces 
of  coast  is  highly  remarkable.  The  conchiferous  cal- 
careous beds  at  Coquimbo,  and  at  a  few  isolated  points 
northward,  offer  the  most  marked  exception  to  this 
statement ;  for  these  beds  are  from  twenty  to  thirty 
feet  in  thickness,  and  they  stretch  for  some  biles  along 
shore,  attaining,  however,  only  a  very  trifling  breadth. 
At  Valdivia  there  is  some  sandstone  with  imperfect  caste 
of  shells,  which  possibly  may  belong  to  the  recent  period: 
parts  of  the  boulder  formation  and  the  shingle-beds  on 
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the  lower  plains  of  Patagonia  probably  belong  to  this 
same  period,  but  neither  are  fossiliferous :  it  also  so 
happens  that  the  great  Pampean  formation  does  not  in- 
clude, with  the  exception  of  the  Azara,  any  moUusca, 
There  cannot  be  the  smallest  doubt  that  the  upraised 
shells  along  the  shores  of  the  Atlantic  and  Pacific, 
whether  lying  on  the  bare  surface,  or  embedded  in  mould 
or  in  sand-hillocks,  will  in  the  course  of  ages  be  destroyed 
by  alluvial  action  :  this  probably  will  be  the  case  even 
with  the  calcareous  beds  of  Coquimbo,  so  liable  to  dis- 
solution by  rain-water.  If  we  take  into  consideration 
the  probability  of  oscillations  of  level  and  the  conse- 
quent action  of  the  tidal  waves  at  difierent  heights, 
their  destruction  will  appear  almost  certain.  Looking 
to  an  epoch  as  far  distant  in  futurity  as  we  now  are 
from  the  past  Miocene  period,  there  seems  to  me  scarcely 
a  chance,  under  existing  conditions,  of  the  numerous 
shells  now  living  in  those  zones  of  depths  most  fertile 
in  life,  and  found  exclusively  on  the  western  and  south- 
eastern coasts  of  South  America,  being  preserved  to  this 
imaginary  distant  epoch.  A  whole  conchological  series 
will  in  time  be  swept  away,  with  no  memorials  of  their 
existence  preserved  in  the  earth's  crust. 

Can  any  light  be  thrown  on  this  remarkable  absence 
of  recent  conchiferous  deposits  on  these  coasts,  on  which, 
at  an  ancient  tertiary  epoch,  strata  abounding  with 
organic  remains  were  extensively  accumulated  ?  I  think 
there  can,  namely,  by  considering  the  conditions  neces- 
sary for  the  preservation  of  a  formation  to  a  distant 
age.  Looking  to  the  enormous  amount  of  denudation 
which  on  all  sides  of  us  has  been  effected, — as  evi- 
denced by  the  lofty  cliffs  cutting  off  on  so  many  coasts 
horizontal  and  once  far-extended  strata  of  no  great 
antiquity  (as  in  the  case  of  Patagonia), — as  evidenced 
by  the  level  surface  of  the  ground  on  boi\i  a\de^  o^  ^t^'aX, 
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faults  and  dislocations, — hy  inland  lines  of  escarpments, 
by  outliers,  and  niimberlenB  other  facts,  and  by  that 
argument  of  high  generality  advanced  by  Mr.  Lyell, 
namely,  that  every  sehmentary  fonnation,  whatever  its 
thickiicse  may  be,  and  over  however  many  himdred 
square  miles  it  may  extend,  is  the  result  and  the  measure 
of  an  equal  amouTit  of  wear  and  tear  of  pre-existing 
fonnationfl  ;  conf^idering  these  facts,  we  must  conclude 
that,  as  an  ordinary  rule,  a  formation  to  resist  such  vast 
destroying  powers,  and  to  last  to  a  distant  epoch,  must 
be  of  wide  extent,  and  either  in  itself,  or  together  with 
auperincumbent  strata,  he  of  great  thickness.  In  this 
discussion,  we  are  considering  only  formations  contain- 
I  ing  the  remains  of  marine  animals,  which,  as  before 
mentiouc-d,  live,  with  some  exceptions,  within  (most  of 
them  much  within)  depths  of  a  hundred  fathoms.  How, 
then,  can  a  thick  and  widely  extended  formation  be 
accumulated,  which  shall  include  such  organic  remains  F 
First,  let  us  take  the  case  of  the  bed  of  the  sea  long  re- 
maining at  a  stationary  level :  under  these  circumstances 
it  is  evident  that  conchiferoua  strata  can  accumulate 
only  to  the  same  thickness  with  the  depth  at  which 
the  shells  can  live  ;  on  gently  inclined  coasts  alone  can 
they  accumulate  to  any  considerable  width ;  and  from 
the  want  of  superincumbent  pressure,  it  is  probable 
that  the  sedimentary  matter  will  seldom  be  much  con- 
solidated :  such  formations  have  no  very  good  chance, 
when  in  the  course  of  time  they  are  upraised,  of  long 
resisting  the  powers  of  denudation.  The  chance  will 
be  less  if  the  submarine  surface,  instead  of  having  re- 
.mained  stationary,  shall  have  gone  on  slowly  rising 
during  the  deposition  of  the  strata,  for  in  this  case  their 
total  darkness  must  be  less,  and  each  part,  before  being 
consolidated  or  thickly  covered  up  by  superincumbrait 
matter,  will  have  had  successively  to  pass  through  the 
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ordeal  of  the  beach ;  and  on  most  coasts,  the  waves  on 
the  beach  tend  to  wear  down  and  disperse  every  object 
eoqposed  to  their  action.  Now,  both  on  the  south-eastern 
and  western  shores  of  South  America,  we  have  had  clear 
proofs  that  the  land  has  been  slowly  rising,  and  in  the 
long  lines  of  lofty  clijffs,  we  have  seen  that  the  tendency 
of  the  sea  is  almost  everywhere  to  eat  into  the  land. 
Considering  these  facts,  it  ceases,  I  think,  to  be  sur- 
prising, that  extensive  recent  conchiferous  deposits  are 
entirely  absent  on  the  southern  and  western  shores  of 
America. 

Let  us  take  the  one  remaining  case,  of  the  bed  of 
the  sea  slowly  subsiding  during  a  length  of  time,  whilst 
sediment  has  gone  on  being  deposited.  It  is  evident 
that  strata  might  thus  accumulate  to  any  thickness,  each 
stratum  being  deposited  in  shallow  water,  and  conse- 
quently abounding  with  those  shells  which  cannot  live 
at  great  depths :  the  pressure,  Also,  I  may  observe,  of 
each  fresh  bed  would  aid  in  consolidating  all  the  lower 
ones.  Even  on  a  rather  steep  coast,  though  such  must 
ever  be  unfavourable  to  widely  extended  deposits,  the 
formations  would  always  tend  to  increase  in  breadth 
from  the  water  encroaching  on  the  land.  Hence  we 
may  admit  that  periods  of  slow  subsidence  will  com- 
monly be  most  favourable  to  the  accumulation  of 
concliiferoua  deposits,  of  sufficient  thickness,  extension, 
and  hardness,  to  resist  the  average  powers  of  denudation.. 

We  have  seen  that  at  an  ancient  tertiary  epoch, 
fossiliferous  deposits  were  extensively  deposited  on  the 
coasts  of  South  America ;  and  it  is  a  very  interesting 
fact,  that  there  is  evidence  that  these  ancient  tertiary 
beds  were  deposited  during  a  period  of  subsidence. 
Thus,  at  Navidad,  the  strata  are  about  800  feet  in  thick- 
ness, and  the  fossil  shells  are  abundant  both  at  the  level 
of  the  sea  and  some  way  up  the  cliffs  •,  T[ia\mg^  ^et3L\»  ^ 
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ligt  of  these  fossils  to  Professor  E.  Forbes,  he  thinks 
they  must  have  lived  in  water  between  one  and  tea 
fathoms  in  depth:  hence  the  bottom  of  the  sea  on 
which  these  shells  once  lived  must  have  subsided  at 
least  700  feet  to  allow  of  the  superincumbent  matter 
being  deposited.  I  must  here  remark,  that,  as  all  these 
and  the  following  fossil  shells  are  extinct  species.  Pro- 
fessor Forbes  necessarily  judges  of  the  depths  at  which 
they  lived  only  from  their  generic  character,  and  from 
the  analogical  distribution  of  shells  in  the  Northern 
Hemisphere ;  but  there  is  no  just  cause  from  this  to 
doubt  the  general  results.  At  Huafo  the  strata  are 
about  the  same  thickness,  namely,  800  feet,  and  Pro- 
fessor Forbes  thinks  the  fossils  found  there  cannot  have 
lived  at  a  greater  depth  than  fifty  fathoms,  or  300  feet. 
These  two  points,  namely,  Navidad  and  Huafo,  are  570 
miles  apart,  but  nearly  half-way  between  them  lies 
Mocha,  an  island  1,200  feet  in  height,  apparently  formed 
of  tertiary  strata  up  to  its  level  summit,  and  with  many 
shells,  including  the  same  Turritella  with  that  foimd 
at  Huafo,  embedded  close  to  the  level  of  the  sea.  In 
Patagonia,  shells  are  numerous  at  St.  Cruz,  at  the  foot 
of  the  350  feet  plain,  which  has  certainly  been  formed 
by  the  denudation  of  the  840  feet  plain,  and  therefore 
was  originally  covered  by  strata  that  number  of  feet  in 
thickness,  and  these  shells,  according  to  Professor 
Forbes,  probably  lived  at  a  depth  of  between  seven  and 
fifteen  fathoms :  at  Port  St.  Julian,  sixty  miles  to  the 
north,  shells  are  numerous  at  the  foot  of  the  ninety  feet 
plain  (formed  by  the  denudation  of  the  950  feet  plain), 
and  likewise  occasionally  at  the  height  of  several  hundred 
feet  in  the  upper  strata  ;  these  shells  must  have  lived  in 
water  somewhere  between  five  and  fifty  fathoms  in  depth. 
Although  in  other  parts  of  Patagonia  I  have  no  direct 
evidence  of  shoal-water  shells  having  been  buried  under 
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a  great  thidmess  of  superincumbent  submarine  strata^ 
yet  it  should  be  borne  in  mind  that  the  lower  foesili- 
ferous  strata  with  several  of  the  same  species  of  MoUusca, 
the  upper  tufaceous  beds,  and  the  high  summit-plain, 
stretch  for  a  considerable  distance  southward,  and  for 
hundreds  of  miles  northward ;  seeing  this  uniformity 
of  structure,  I  conceive  it  may  be  fairly  concluded  that 
the  subsidence  by  which  the  shells  at  Santa  Cruz  and 
St.  Julian  were  carried  down  and  covered  up,  was  not 
confined  to  these  two  points,  but  was  co-extensive  with 
a  considerable  portion  of  the  Patagonian  tertiary  forma- 
tion. In  a  succeeding  chapter  it  will  be  seen,  that  we 
are  led  to  a  similar  conclusion  with  respect  to  the 
-seoondaiy  fossiliferous  strata  of  the  Cordillera,  namely, 
that  they  also  were  deposited  during  a  long-continued 
and  great  period  of  subsidence. 

From  the  foregoing  reasoning,  and  from  the  fiBtcts 
just  given,  I  think  we  must  admit  the  probability  of 
the  following  proposition  :  namely,  that  when  the  bed 
of  the  sea  is  either  stationary  or  rising,  circumstances 
are  far  less  favourable,  than  when  the  level  is  sinking, 
to  the  accumulation  oi  conchiferous  deposits  of  sufficient 
thickness  and  extension  to  resist,  when  upheaved,  the 
average  vast  amount  of  denudation .  This  result  appears 
to  me,  in  several  respects,  very  interesting :  everyone  is 
at  first  inclined  to  believe  that  at  innumerable  points, 
wherever  there  is  a  supply  of  sediment,  fossiliferous 
strata  are  now  forming,  which  at  some  future  distant 
epoch  will  be  upheaved  and  preserved  ;  but  on  the  views 
above  given,  we  must  conclude  that  this  is  far  from 
being  the  case ;  on  the  contrary,  we  require  (1st),  a 
long-continued  supply  of  sediment;  (2nd),  an  extensive 
shallow  area ;  and  (3rd),  that  this  area  shall  slowly 
subside  to  a  great  depth,  so  as  to  admit  the  acciunula- 
tion  of  a  widely-extended  thick  mass  oi  Bxi^erakssvoc^T^ 
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strata.  In  how  few  parts  of  the  world,  probably,  do 
these  conditions  at  the  present  day  concur  1  We  can 
thuB,  also,  understand  the  general  want  of  that  close 
sequence  in  fossiliferous  formatioDR  which  we  might 
theoretically  have  anticipated ;  for,  without  we  suppose 
a  subsiding  movement  to  go  on  at  the  same  spot  during 
an  enormoua  period,  from  one  geological  era  to  another, 
and  during  the  whole  of  this  period  eediment  to  accu- 
mulate at  the  proper  rate,  so  that  the  depth  s^iould  not 
become  too  great  for  the  continued  existence  of  mollus- 
cous animals,  it  is  scarcely  possible  that  there  sliould  be 
a  perfect  sequence  at  the  same  spot  in  the  fossil  shells 
of  the  two  geological  formations.'  So  far  from  a  very 
long^ontinued  subsidence  being  probable,  many  facts 
lead  to  the  belief  that  the  earth's  surface  oscillates  up 
and  down  ;  and  we  have  seen  that  during  the  elevatory 
movements  there  is  but  a  small  chance  of  durable  fos- 
siliferous deposits  accumulating. 

Jjastly,  these  same  considerations  appear  to  throw 
some  light  on  the  fact  that  certain  periods  appear  to 
have  been  favourable  to  the  deposition,  or  at  least  to 
the  preservation,  of  cont^nporaneous  formations  at  very 
distant  points.  We  have  seen  that  in  South  America 
an  enormous  area  has  been  rising  within  the  recent 
period;  and  in  other  quarters  of  the  globe  immense 
spaces  appear  to  have  risen  contemporaneously.  From 
my  examination  of  the  coral-reefs  of  the  great  oceans, 
I  have  been  led  to  conclude  that  the  bed  of  the  sea  has 

■  Proftsaor  H.  D.  Hoj^en,  in  his  eicellent  addreas  to  the  Assocuition 
of  American  G<ralogistB  (.Silliman'B  'Joomnl,' voLilrii.  p.  277X  loakes  tbe 
foUowintr  remock  ;  •  I  question  if  we  are  at  all  iiware  how  coinjJeitiy  tha 
whole  histoiy  of  itll  departed  time  li«  indeliblj  recorded  with  the 
amplest  minateaesa  of  detail  in  the  luccessivo  sediments  of  the  globe, 
how  effectunlly,  in  other  words,  every  period  of  time  Ant  arillm  itt  otm 
history,  cnrefullj  preserving  everj  created  form  nnd  every  trace  of 
action.'  I  think  the  coirectDesB  of  Bocb  remarks  is  more  than  doubtibl. 
even  if  we  except  (as  I  snppose  ha  would)  all  those  numetoos  orguiic 
tOnaa  which  contaui  no  han  jhuM. 
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gone  on  slowly  sinking  within  the  present  era,  over  truly 
vast  areas :  this,  indeed,  is  in  itself  probable,  from  the 
simple  fi&ct  of  the  rising  areas  having  been  so  large.  In 
South  America  we  have  distinct  evidence  that  at  nearly 
the  same  tertiary  period,  the  bed  of  tiie  sea  ojff  parts  of 
the  coast  of  Chile  and  oiBT  Patagonia  was  sinking,  though 
these  regions  are  very  remote  from  each  other.  If, 
then,  it  holds  good,  as  a  general  rule,  that  in  the  same 
quarter  of  the  globe  the  earth's  crust  tends  to  sink  and 
rise  contemporaneously  over  vast  spaces,  we  can  at 
once  see,  that  we  have  at  distant  points,  at  the  same 
period,  those  very  conditions  which  appear  to  be  re- 
quisite for  the  accumulation  of  fossiliferous  masses  of 
sufficient  extension,  thickness,  and  hardness,  to  resist 
denudation,  and  consequently  to  last  unto  an  epoch 
distant  in  futurity.* 

>  Professor  Forbes  has  some  admirable  remarks  on  this  subject^  in  his 
'  Beport  on  the  Shells  of  the  JSgean  Sea.'  In  a  letter  to  Mr.  Madarec 
(•  Edinburgh  New  Phil.  Journal/  January  1843),  I  partially  entered  into 
this  discussion,  and  endeavoured  to  show  that  it  was  highly  improbable, 
that  upraised  stolls  or  barrier-reefs,  though  of  great  thickness,  should, 
owing  to  their  small  extension  or  breadth,  be  preserved  to  a  distant 
future  period. 
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SnuU,  Bakia,  gneiu  vith  eU*JB4nl*d  mitamorpluttd  dUet — Strike  of 
fotiatiim — Bia  dt  Jamiro,  gneUt-griaatt,  tmbrMed/ra^taeiU  in,  dt- 
etrnpotilumo/^La  Hala,  melmaorphh  atid  old  voka-aie  roei-i  of — 
S.  Venlana — Clayitone  porphvry  fOTmation  pf  Patagonia  ^  liagttlar 
metamorphie  nckt ;  tptido-dika—  FaikUaid  Iil<ntda,valttoiBicfu»tUt^ 
<^—Tierra  del  Fue^,  day-elale  formation,  cretaccBuifosfUs  of ;  deav- 
ago  and  foliation  :  form  of  land — Chonoi  ATchipdago,  -niiea  tehirti,. 
Jkialian  dltturhtd  hj  granitU  aria  ;  dUces — ChilM—CotKtpcion,  diket. 
tiucofive  formation  of — Crntral  and  Knrthtni  Chile-^Conduding 
•  rtmarln  cm  cUnvogr  and  foliniion — Tktir  cloie  nmUogi/  and  rimitar 
origin — Btratificatum  if  melatiiorpUe  ackuti — Foliatiirn  qf  iatnitiM 
"  '  "       '  '  'wg»  atidfMaiiait  to  tit  Unit  oftmtioit  daring 


Tbs  metamorphic  and  plutonio  formations  of  the  several 
dietricta  visited  by  the  Beagle  will  be  here  chiefly 
treated  of,  but  only  such  cases  as  appear  to  me  new,  or 
of  some  special  interest,  will  be  described  in  detail ;  at 
the  end  of  the  chapter  I  will  sum  up  all  the  facts 
on  cleavage  and  foUatioo, — to  which  I  particularly 
attended. 

Bahia,  Brcml:  lot.  13°  south. — The  prevailing 
rock  ia  gneiss,  of^«n  passing,  by  the  disappearance  of 
the  quartz  and  mica,  and  by  the  feldspar  losing  its 
red  colour,  into  a  brilliantly  grey  primitive  green- 
stone. Not  uniiequently  quartz  and  hornblende  are 
amnged    in  layers  in  almost    amorphous   feldspar. 


esAP.  xiu.  Rocks  of.  423 

There  is  some  fine-grained  Bjenitio  granite,  orbicularly 
marked  by  ferruginouB  lines,  and  weathering  into 
vertical,  cylindrical  holes,  almost  touching  each  other. 
In  the  gneiss,  concretions  of  granular  feldspar  and 
others  of  garnets  with  mica  occur.  The  gneiss  is 
traversed  by  numerous  dikes  composed  of  black,  finely 
oryst^dlised,  homblendic  rock^  containing  a  little  glassy 
feldspar  and  sometimes  mica,  and  varying  in  thickness 
from  mere  threads  to  ten  feet:  these  threads,  which 
are  often  curvilinear,  could  sometimes  be  traced  running 
into  the  larger  dikes.  One  of  these  dikes  was  remark- 
able firom  having  been  in  two  or  three  places  laterally 
disjointed,  with  unbroken  gneiss  interposed  between 
the  broken  ends,  and  in  one  part  with  a  portion  of  the 
gneiss  driven,  apparently  whilst  in  a  softened  state, 
into  its  side  or  wall.  In  several  neighbouring  places, 
the  gneiss  included  angular,  well-defined,  sometimes 
bent,  masses  of  hornblende  rock,  quite  like,  except  in 
being  more  perfectly  crystallised,  that  forming  the 
dikes,  and,  at  least  in  one  instance,  containing  (as 
determined  by  Professor  Miller)  augite  as  well  as 
hornblende.  In  one  or  two  cases  these  angular  masses, 
though  now  quite  separate  from  each  other  by  the  solid 
gneiss,  had,  from  their  exact  correspondence  in  size 
and  shape,  evidently  once  been  united ;  hence  I  cannot 
doubt  that  most  or  all  of  the  fragments  have  been 
derived  from  the  breaking  up  of  the  dikes,  of  which  we 
see  the  first  stage  in  the  above-mentioned  laterally 
disjointed  one.  The  gneiss  close  to  the  firagments 
generally  contained  many  large  crystals  of  hornblende, 
which  are  entirely  absent  or  rare  in  other  parts:  its 
folia  or  laminae  were  gently  bent  round  the  fragments, 
in  the  same  manner  as  they  sometimes  are  round  concre- 
tions. Hence  the  gneiss  has  certainly  been  softened, 
its  composition  modified,  and  its  folia  arnAi^^bdi^^vik^- 
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^equently  to  the  breaking  up  of  the  dikes,^  these  latter 
also  having  been  at  the  same  time  bent  and  softened. 

I  must  here  take  the  opportunity  of  premising, 
that  by  the  term  cleavage,  I  imply  those  planes  of 
division  which  render  a  rock,  appearing  to  the  eye 
quite  or  nearly  homogeneous,  fissile.  By  the  term/o^io- 
tion,  I  refer  to  the  layers  or  plates  of  different  minera- 
logical  nature  of  which  most  metamorphic  schists  are 
composed;  there  are,  also,  often  included  in  such 
masses,  alternating,  homogeneous,  fissile  layers  or  folia, 
and  in  this  case  the  rock  is  both  foliated  and  has  a 
cleavage.  By  stratification,  as  applied  to  these  forma- 
tions, I  mean  those  alternate,  parallel,  large  masses  of 
different  composition,  which  are  themselves  fi'equently 
either  foliated  or  fissile, — such  as  the  alternating  so- 
called  strata  of  mica-slate,  gneiss,  glossy  clay-slate,  and 
marble. 

The  folia  of  the  gneiss  within  a  few  miles  round 
Bahia  generally  strike  irregularly,  and  are  often  cur- 
vilinear, dipping  in  all  directions  at  various  angles : 
but  where  best  defined,  they  extended  most  frequently 
in  a  NE.  by  N.  (or  East  50°  X.)  and  SW.  by  S.  line, 
corresponding  nearly  with   the   coast-line  northwards 
of  the  bay.     I  may  add  that  Mr.  Gardner'^  found  in 
several   parts   of    the   province   of  Ceara,   which    lies 
between  400  and  500  miles  north  of  Bahia,  gneiss  with 
the  folia  extending  E.  45°  N. ;  and  in  Guyana,  accord- 
ing to  Sir  E.  Schombiu-gk,  the  same  rock  strikes  E. 
57°  N.     Again,  Humboldt  describes  the  gneiss-granite 
over  an  immense  area  in  Venezuela  and  even  in  Colombia, 
as  striking  E.  50°  N.,  and  dipping  to  the  NW.  at  an 

'  Professor  ITitchcock  ('Geolog.  of  Massachusetts.'  vol.  ii.  p.  673) 
gives  a  closelv  similar  case  of  a  trreenstone  dike  in  svcnite. 

-  ♦  Geological  Section  of  the  Brit.  Assoc.'  1840.  For  Sir  R. 
Schomburpk's  observations,  see  '  Geograph.  Journal.*  181*2.  p.  190.  See 
also  Humboldt's  discussion  on  LoxodJism  in  the  '  Personal  Narratire.* 
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angle  of  fifty  degrees.  Hence  all  the  observations 
hitherto  made  tend  to  show  that  the  gneissic  rocks 
oyer  the  whole  of  this  part  of  the  continent  have 
their  folia  extending  generally  within  almost  a  point  of 
the  compass  of  the  same  direction.^ 

Bio  de  Jomeiro. — This  whole  district  is  almost 
exclusively  formed  of  gneiss,  abomiding  with  garnets, 
and  porphyritic  with  large  crystals,  even  three  and  four 
inches  in  length,  of  ortboclase  feldspar:  in  these 
ciystals  mica  and  garnets  are  often  enclosed.  At  the 
western  base  of  the  Corcovado,  there  is  some  ferruginous 
carious  quartz-rock ;  and  in  the  Tij^u^  range,  much  \  C  / 
•fine-grained  granite.  I  observed  boulders  of  greenstone 
'in  several  places ;  and  on  the  islet  of  Villegagnon,  and 
-likewise  on  the  coast  some  miles  northward,  two  large 
trappean  dikes.  The  porphyritic  gneiss,  or  gneiss- 
granite  as  it  has  been  called  by  Humboldt,  is  only  so 
far  foliated  that  the  constituent  minerals  are  arranged 
with  a  certain  degree  of  regularity,  and  may  be  said  to 
have  a  'gram^  but  they  are  not  separated  into  distinct 
folia  or  laminae.  There  are,  however,  several  other 
varieties   of  gneiss  regularly  foliated,  and  alternating 

'  I  landed  at  only  one  place  north  of  Bahia,  namely,  at  Pernambuco. 
I  found  there  only  soft,  horizontally  stratified  matter,  formed  from  dis- 
integrated granitic  rocks,  and  some  yellowish  impure  limestone,  pro- 
bably of  a  tertiary  epoch.  I  have  described  a  most  singular  natural 
bar  of  hard  sandstone,  which  protects  the  harbour,  in  the  Appendix  to  my 
work,  *  The  Structure  and  Distribution  of  Coral  Reefs,'  2nd  edit.  p.  266. 

Abrolhos  Islets,  2a^.  18°  S.  off  the  coast  of  Brazil. — Although  not 
strictly  in  place,  I  do  not  know  where  I  can  more  conveniently  describe 
this  little  group  of  small  islands.  The  lowest  bed  is  a  sandstone  with 
ferruginous  veins ;  it  weathers  into  an  extraordinary  honey-combed  mass ; 
above  it  there  is  a  dark-coloured  argillaceous  shale ;  above  this  a  coarser 
sandstone — making  a  total  thickness  of  about  sixty  feet ;  and  lastly,  above 
these  sedimentary  beds,  there  is  a  fine  conformable  mass  of  greenstone,  in 
some  parts  having  a  columnar  structure.  All  the  strata,  as  well  ns  the 
surface  of  the  land,  dip  at  an  angle  of  about  12°  to  N.  by  \V.  Some  of 
the  islets  are  composed  entirely  of  the  sedimentary,  others  of  the  trap- 
pean rocks,  generally,  however,  with  the  sandstones  cropping  out  on  the 
southern  shores. 
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with  each  other  in  so-called  strata.  The  stratification 
and  foliation  of  the  ordinary  gneisses,  and  the  folia- 
tion or  ^grain'  of  the  gneiss-granite,  are  parallel  to 
each  other,  and  generally  strike  within  a  point  of  NE. 
and  SW.  dipping  at  a  high  angle  (between  50°  and  60°) 
generally  to  S£. :  so  that  here  again  we  meet  with  the 
strike  so  prevalent  over  the  more  northern  parts  of  this 
continent.  The  mountains  of  gneiss-granite  are  to  a 
remarkable  degree  abruptly  conical,  which  seems  caused 
by  the  rock  tending  to  exfoliate  in  thick,  conically 
concentric  layers  :  these  peaks  resemble  in  shape  those 
of  phonolite  and  other  injected  rocks  on  volcanic 
islands ;  nor  is  the  grain  or  foliation  (as  we  shall  after- 
wards see)  any  difficulty  on  the  idea  of  the  gneiss- 
granite  having  been  an  intrusive  rather  than  a  meta- 
morphic  formation.  The  lines  of  mountains,  but  not 
always  each  separate  hill,  range  nearly  in  the  same 
direction  with  the  foliation  and  so-called  stratification, 
but  rather  more  easterly. 

On  a  bare  gently  inclined  surface  of  the  porphyritie 
gneiss  in  Botofogo  Bay,  I  observed  the  appearance  here 
represented. 

A  fragment  seven  yards  long  and  two  in  width, 
Avith  angular  and  distinctly  defined  edges,  composed  of 
a  peculiar  variety  of  gneiss  with  dark  layers  of  mica 
and  garnets,  is  surrouuded  on  all  sides  by  the  ordinary 
gneiss-granite ;  both  having  been  dislocated  by  a 
gi'iinitic  vein.  The  folia  in  the  fragment  and  in  the 
surrounding  rock  strike  in  the  same  NXE.  and  SSW. 
line ;  but  in  the  fragment  they  are  vertical,  whereas 
in  the  gneiss-granite  they  dip  at  a  small  angle,  as 
shown  by  the  arrows,  to  SSK.  This  fragment,  con- 
sidering its  great  size,  its  solitary  position,  and  its 
foliated  structure  parallel  to  that  of  the  surrounding 
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rook,  is,  as  fiu:  as  I  know,  a  unique  case  :  aud  I  will 
not  attempt  any  explanation  of  its  origin. 


The  numerous  travellers  *  in  this  country,  have  all 
been  greatly  surprised  at  the  depth  to  which  the  gneiss 
and  other  granitic  rocks,  as  well  as  the  talcose  slates  of 
the  intiprior,  have  been  decomposed.  Near  Hio,  every 
mineral  except  the  quartz  has  been  completely  softened, 
in  some  places  to  a  depth  little  less  than  one  hundred  feet.* 
The  minerals  retain  their  positions  in  folia  ranging  in 
the  usual  direction ;  and  fractured  quartz  veins  may  be 
traced  from  the  eolld  rock,  running  for  some  distance 
into  the  softened,  mottled,  highly  coloured,  argillaceooa 
mass.     It  is  said  that  these  decomposed  rocks  abound 

■  Spii  andUaitins  haxa  eollecUd  id  &n  Appendix  U  their 'TraTsU,* 
the  lai^rat  body  of  facts  on  this  snbjsct.  See,  also,  Bone  remaiks  br 
M.  Lund,  in  Ms  cammunicatioiiB  to  the  Acodemj  at  Copeobagea;  and 
othen  by  M.  Oaiidichaud.  in  Frejcinet's  'Voyage.' 

*  Dr.  Benza  describes  granitic  rodc  ('  Madroe  Jonnial  of  lit.'  &e. 
Oct.  1836,  p.  24S),  in  t^  ITee^herriea,  decomposed  to  a  depth  of  foit^ 
feet. 
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with  gems  of  \-arious  kinds,  often  in  a  fractured  state, 
owing,  as  some  have  supposed,  to  the  collapse  of  geodee, 
and  that  they  contain  gold  and  diamonds.  At  Rio,  it 
appeared  to  me  that  the  gneiss  had  been  softened  before 
the  excavation  (no  doubt  by  the  sea)  of  the  existing, 
troad,  flat-bottomed  valleys  ;  for  the  depth  of  decom- 
poeition  did  not  appeal  at  all  conformable  with  the 
present  imdulations  of  the  surface.  The  porphyritic 
gneiss,  where  now  exposed  to  the  air,  seems  to  with- 
stand decomposition  remarkably  well ;  and  I  could  see 
no  signs  of  any  tendency  to  the  production  of  argilla- 
ceous masses  like  those  here  described.  I  was  also 
struck  with  the  fact,  that  where  a  l>are  surfiice  of  this 
rock  sloped  into  one  of  tlie  quiet  bays,  there  were  no 
marks  of  erosion  at  the  level  of  the  water,  and  the 
parts  both  beneath  and  above  it  preserved  a  uniform 
curve.  At  Babia,  the  gneiss  rocks  are  similarly  decom- 
posed, with  tlte  upper  parts  ioBenslbly  losing  their 
foliation,  and  passing,  without  any  distinct  line  of 
separation,  into  a  bright  red  argillaceous  earth,  includ- 
ing partially  rounded  fragments  of  quartz  and  gmnite. 
From  this  circumstance,  and  from  the  rocks  appearing 
to  have  suffered  decompositioa  before  the  excavation  of 
the  valleys,  I  suspect  that  here,  as  at  Kio,  the  decom- 
position took  place  under  the  sea.  The  subject 
appeared  to  me  a  curious  one,  and  would  probably  well 
repay  caretiil  examination  by  an  ahle  mineralogist. 

The  Northern  Provincee  of  La  Plata. — According 
to  some  observations  communicated  to  me  by  Mr.  Fox, 
the  coast  from  Bio  de  Janeiro  to  the  mouth  of  the 
Plata  seems  everywhere  to  be  granitic,  with  a  few 
trappean  dikes.  At  Fort  Alegre,  near  the  boundary  of 
Brazil,  there  are  porphyries  and  diorites.'  At  the 
mouth  of  the  Plata,  I  examined  the  country  for  twenty- 
'  M.Is&l)elle,'Vojtt^kLi«iM>  AjMs,'p.  479. 
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five  miles  west,  and  for  about  seventy  miles  north  of 
Maldonado:   near  this  town,  there  is  some  common 
gneiss,  and  much,  in  all  parts  of  the  country,  of  a 
coarse-grained  mixture  of  quartz  and  reddish  feldspar^ 
often,  however,  assuming  a  little  dark-green  imperfect 
hornblende,  and  then  immediately  becoming  foliated. 
The   abrupt  hillocks   thus   composed,   as  well  as  the 
highly  inclined  folia  of  the  common  varieties  of  gneiss, 
strike  NNE,  or  a  little  more  easterly,  and  SSW.     Clay- 
slate  is  occasionally  met  with,   and  near   the   L.   del 
Potrero,  there  is  white  marble,  rendered  fissile  from  the 
presence  of  hornblende,  mica,  and  asbestus ;  the  cleavage 
of  these  rocks  and  their  stratification,  that  is  the  alter- 
nating masses  thus  composed,  strike  NNE.  and  SSW. 
like  the  foliated  gneisses,  and  have  an  almost  vertical 
dip.     The  Sierra  Larga,  a  low  range  five  miles  west 
of  Maldonado,  consists  of  quartzite,  often  ferruginous,, 
having  an  arenaceous  feel,  and  divided  into  excessively 
thin,  almost  vertical  laminae  or  folia  by  microscopically 
minute  scales,  apparently  of  mica,  and  striking  in  the 
usual  NNE.  and  SSW.  direction.     The  range  itself  is 
formed  of  one   principal   line   with  some  subordinate 
ones ;  and  it  extends  with  remarkable  uniformity  far 
northward  (it  is  said  even  to  the  confines  of  Brazil),  in 
the  same  line  with  the  vertically  ribboned  quartz  rock 
of  which  it  is  composed.     The  S.  de  las  Animas  is  the 
highest  range  in  the  country  ;  I  estimated  it  at  1,000 
feet ;  it  runs  north  and  south,  and  is  formed  of  feld- 
spathic  porphyry ;  near  its  base  there  is  a  NNW.  and 
SSE.  ridge  of  a  conglomerate  in  a  highly  porphyritic 
basis. 

Northward  of  Maldonado,  and  south  of  Las  Minas, 
there  is  an  E.  and  W.  hilly  band  of  country,  some  miles 
in  width,  formed  of  siliceous  clay-slate,  with  some  quartz, 
rock  and  limestone,  having  a  tortuous  iiiegvjXax  c\fia.x- 


age,  generally  raoging  east  bdcI  west.  E.  and  SE.  of 
Las  Minaa  there  is  a  coBfused  district  of  imperfect 
gneiss  and  laminated  quartz,  with  the  hilla  ranging  in 
various  directions,  but  with  each  separate  hill  generally 
ninning  in  the  same  line  with  the  folia  of  the  rocks  of 
whioh  it  is  composed :  this  confusion  appears  to  have 
been  caused  by  the  intersection  of  the  [E.  and  W.]  and 
[NNE.  and  SSW.]  strikes.  Northward  of  Las  Minas, 
the  more  regular  northerly  ranges  predominate:  from 
this  place  to  near  Polaneo,  we  meet  with  the  coarse- 
grained mixture  of  quartz  and  feldspar,  often  with  the 
imperfect  hornblende,  and  then  becoming  foliated  in 
a  N.  and  8.  line— with  imperfect  clay-slate,  including 
laminje  of  red  crystallised  feldspar — with  white  or  black 
marble,  sometimes  containing  asbestus  and  crystals  of 
gypaiim — with  quartz-rock — with  syenite — and  lastly, 
with  much  granite.  The  marble  and  granite  alternate  re- 
peatedly in  apparently  vertical  masses  :  somemiles  north 
ward  of  the  Polanco,  a  wide  district  is  said  to  be  entirely 
composed  of  marble.  It  is  remarkable,  how  rare  mica 
is  in  the  whole  range  of  country  north  and  westward 
of  Maldouado.  Throughout  this  district,  the  cleavage 
of  the  clay-slat«  and  marble — the  foliation  of  the 
gneiss  and  the  quartz — the  stratification  or  alternating 
masses  of  these  several  rocks — and  the  range  of  the 
hills,  all  coincide  in  direction;  and  although  the 
country  is  only  hilly,  the  planes  of  division  are  almost 
everywhere  very  highly  inclined  or  vertical. 

Some  ancient  submarine  volcanic  rocks  are  worth 
mentioning,  from  their  rarity  on  this  eastern  side  of 
the  continent.     In  the   valley  of  the  Tapaa  (fifty  or 

-sixty  miles  N.  of  Maldonado)  there  is  a  tract  three 
or  four  miles  in  length,  composed  of  various  trappean 
rocks  with  glassy  feldspar — of  apparently  metamorphosed 

grit-stones — of  pQipViaVi  amjgdaloida  with  large  kernels 
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of  carbonate  of  lime^ — and  much  of  a  harshish  rock 
with  glaasy  feldspar  intermediate  in  character  between 
elaystone  porphyry  and  trachyte.  This  latter  rock  was 
in  one  spot  remarkable  from  being  full  of  drusy  cavities, 
lined  with  quartz  crystals,  and  arranged  in  planes, 
dipping  at  an  angle  of  50^  to  the  east,  and  striking 
parallel  to  the  foliation  of  an  adjoining  hill  composed 
of  the  conmion  mixture  of  quartz,  feldspar,  and  im- 
{lerfect  hornblende:  this  feu^t  perhaps  indicates  that 
these  volcanic  rocks  have  been  metamorphosed,  and 
their  constituent  parts  re-arranged^  at  the  same  time 
and  according  to  the  same  laws,  with  the  granitic  and 
xnetamorphic  formations  of  this  whole  region.  In  the 
valley  of  the  Marmaraya,  a  few  miles  south  of  the 
Tapas,  a  band  of  trappean  and  amygdaloidal  rock  is 
interposed  between  a  hill  of  granite  and  an  extensive 
surrounding  formation  of  red  conglomerate,  which  (like 
that  at  the  foot  of^the  S.  Animas)  has  its  basis  porphy- 
ritic  with  ciystals  of  feldspar,  and  which  hence  has 
certainly  suffered  metamorphosis. 

Monte  Video. — The  rocks  here  consist  of  several 
varieties  of  gneiss,  with  the  feldspar  often  yellowish, 
granular  and  imperfectly  crystallised,  alternating  with, 
and  passing  insensibly  into,  beds,  from  a  few  yards  to 
nearly  a  mile  in  thickness,  of  fine  or  coarse  grained, 
dark-green  homblendic  slate ;  this  again  often  passing 
into  chloritic  schist.  These  passages  seem  chiefly  due 
to  changes  in  the  mica,  and  its  replacement  by  other 
minerals.  At  Rat  Island  I  examined  a  mass  of  chloritic 
schist,  only  a  few  yards  square,  irregularly  surrounded 
on  all  sides  by  the  gneiss,  and  intricately  penetrated 
by  many  curvilinear  veins  of  quartz,  which  gradually 
blend  into  the  gneiss:  the  cleavage  of  the  chloritic 

*  Near  the  Pan  de  Azucar  there  is  some  greenish  porphyry,  vdl  ^\!A 
place  amygdaloidal  with  agate. 
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schist  and  the  foUation  of  the  gneiae  were  exactly 
parallel.  Eastward  of  the  city  there  is  much  fino- 
grained  dark-coloured  gneiss,  almost  assuming  the 
character  of  homblende-slate,  which  alternates  in  thin 
laminfe  with  hirainae  of  quartz,  the  whole  mass  being 
transversely  intersected  by  numerous  large  veins  of 
quartz :  I  particularly  observed  that  these  veins  were 
absolutely  continuous  with  the  alternating  laminiB  of 
quartz.  In  this  case  and  at  Rat  Island,  the  passage  of 
the  gneiss  into  imperfect  homblendic  or  into  chloritic 
elate,  seemed  to  be  connected  with  the  segregation  of 
the  veins  of  quartz.' 

The  Mount,  a  hill  believed  to  be  450  feet  in  height, 
i  from  which  the   place   tatea   its   name,   ia  much  the 
hittheat  land  in  this  neigh  bo  urhnod  :  it  consists  of  liorn- 
f-  -.t"    l^lendic  slate,  which  (except  on  the  eastern  and  disturbed 
J,       ivyibase)  has  an   east  and  west  nearly  vertical  cleavage; 
'   ^^'         the  longer  axis  of  the  hill  also  ranges  in  this  same  line. 
*'''■'   "       Near  the  summit  the  homblende-slate  gradually   be- 
comes more  and   more  coarsely  crystallised,  and  less 
plainly  laminated,  until  it  passes  into  a  hea\7,  stmorous 
greenstone,    with    a    slaty   conchoidal    fracture ;    the 
lamince  on  the  north  and  south  aides  near  the  summit 
dip  inwards,  as  if  this  upper  part  had  expanded   or 
bulged  outwards.     This  greenstone  must,  I  conceive,  be 
considered  as   metamorphosed   homblende-slate.     The 
Cerrito,   the  next   highest,   but    much   less  elevated 
point,   is   almost  similarly   composed.      In   the  more 
western  parts  of  the  province,  besides  gneiss,  there  is 
quartz-rock,  syenite,  and  granite ;  and  at  Golla,  I  heard 
of  marble. 


'  Mr.  Qreenangh  (p.  7S,  '  OrieicsJ  Rxami nation,'  &c.)  obitrvea  that 
quartz  in  micu-slalo  sometimes  appears  in  beds  and  sometimes  in  veins. 
Von  Buch  also,  in  hii  ■  TrAsIs  in  Xorwa;  '  (p.  236).  remarks  on  sltema- 
tjog  tatalose  of  i^uattXi  and  lu)TiAi\an&e-B\eta  le^bcmg  mica-sdiiBt. 


jHAP.  xin.  Crystalline  Rocks  of.  433 

Near  M.  Video,  the  space  which  I  more  accurately 
sxamined  was  about  fifteen  miles  in  an  east  and  west 
ine,  and  here  I  found  the  foliation  of  the  gneiss  and  the 
deayage  of  the  slates  generally  well  developed,  and  ex- 
lending  parallel  to  the  alternating  strata  composed  of  the 
pfieiss,  homblendic  and  chloritic  schists.  These  planes 
xf  division  all  range  within  one  point  of  east  and  west, 
requently  east  by  south  and  west  by  north ;  their  dip 
8  generally  almost  vertical,  and  scarcely  anywhere 
mder  45** :  this  fact,  considering  how  slightly  undula- 
;oTy  the  surface  of  the  country  is,  deserves  attention. 
BTestward  of  M.  Video,  towards  the  Uruguay,  wherever 
ihe  gneiss  is  exposed,  the  highly  inclined  folia  are 
teen  striking  in  the  same  direction ;  I  must  except  one 
ipot  where  the  strike  was  NW.  by  W.  The  little 
Jierra  de  S.  Juan,  formed  of  gneiss  and  laminated 
[uartz,  must  also  be  excepted,  for  it  ranges  between 
N.  to  NE.]  and  [S.  to  SW.]  and  seems  to  belong  to 
;he  same  system  with  the  hills  in  the  Maldonado 
listrict.  Finally,  we  have  seen  that,  for  many  miles 
lorthward  of  Maldonado  and  for  twenty-five  miles 
westward  of  it,  as  far  as  the  S.  de  las  Animas,  the  folia- 
ion,  cleavage,  so-called  stratification  and  lines  of  hills, 
ill  ranges  NNE.  and  SSW.,  which  is  nearly  coincident 
vith  the  adjoining  coast  of  the  Atlantic.  Westward  of 
;he  S.  de  las  Animas,  as  far  as  even  the  Uruguay,  the 
bliation,  cleavage,  and  stratification  (but  not  lines  of 
lills,  for  there  are'  no  defined  ones)  all  range  about  E; 
3y  S.  and  W.  by  N.,  which  is  nearly  coincident  with 
;he  direction  of  the  northern  shore  of  the  Plata  :  in  the 
jonfused  country  near  Las  Minas,  where  these  two  great 
jystems  appear  to  intersect  each  other,  the  cleavage, 
bliation,  and  stratification  run  in  various  directions, 
)ut  generally  coincide  with  the  line  of  each  separate 
liU. 
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Southern  La  PUita. — The  first  ridge,  south  of  the 
Plata,  which  projects  through  the  Pampean  formation, 
is  the  Sierra  Tapalguen  and  Vulcan,  situated  200  miles 
southward  of  the  dietrict  just  described.  This  ridgo  is 
only  a  few  hundred  feet  in  height,  and  riins  from  C. 
Corrieutes  in  a  WNW.  line  for  at  least  150  miles  into 
the  interior :  at.  Tapalguen,  it  is  composed  of  unstrati- 
fied  granular  cjuartz,  remarkable  from  forming  tabidar 
masses  and  small  plains,  surrounded  by  precipitous  cliSs  : 
other  parts  of  the  range  are  said  to  consist  of  granite : 
and  marble  is  found  at  the  S.  Tinta.  It  appears  from 
M.  Parcbappe's '  observations,  that  at  Tandil  there  is  a. 
Tsn^  of  quartzose  gneiss,  very  like  the  rocks  of  the  S. 
LfiTga  near  Maldonado,  running  in  the  same  KNE.  and 
SSW.  direction  ;  so  that  the  frame-work  of  the  country 
here  is  very  Bimilar  to  that  on  the  northern  shore  of 
the  Plata. 

The  Sierra  Guitm-gueyu  is  situated  sixty  miles 
■ODth  of  tiie  S.  Tapslguen :  it  consists  of  numerous 
parallel,  sometimes  blended  together  ridges,  about 
twenty-three  miles  in  width,  and  500  feet  in  height 
above  the  plain,  and  extending  in  a  NW.  and  SE. 
direction.  Skirting  round  Uie  extreme  SE.  tennination, 
I  ascended  only  a  few  points,  which  were  composed  of 
a  fine-grained  gneiss,  almost  composed  of  feldspar  with 
a  little  mica,  and  passing  in  the  upper  parts  of  the 
hills  into  a  rather  compact  purplish-clay  state.  The 
cleavage  was  nearly  vertical,  striking  in  a  NW.  by  W. 
and  SE.  by  £.  line,  nearly,  though  not  quite,  coinci- 
dent with  the  direction  of  the  parallel  ridges. 

The  Sierra  Ventana  lies  close  sooth  of  that  of  Guitru- 
gueyu ;  it  is  remarkable  from  attaining  a  height,  veiy 

'  M.  d'Orbigny's*Vojaee,Pwt-Qiolog.'p.46.  IhnvegiTena  diort 
account  of  tbe  pecnliaF  fbmu  of  the  quarts  billi  of  TapalgiieD.  so  ua- 
DsasI  ID  fl  netamorpMc  faimation,  in  m^  '  Journal  of  Reseuchee '  (2iid 
«Jjt,Jp.  lie. 
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tmiisiial  on  this  side  of  the  continent,  of  3,340  feet.  It 
-^sonsists  up  to  its  summit,  of  quartz,  generally  pure  and 
white,  but  sometimes  reddish,  and  divided  into  thiek 
laminae  or  strata :  in  one  part  there  is  a  little  glossy 
*olay-slate  with  a  tortuous  cleavage.  The  thick  layers 
of  quartz  strike  in  a  W.  30**  N.  line,  dipping  southeriy 
at  an  angle  of  45^  and  upwards.  The  principal  line  of 
mountains,  with  some  quite  subordinate  parallel  ridges, 
range  about  W.  45"  N. :  but  at  their  SE.  termination, 
only  W.  25®  N.  This  Sierra  is  said  to  extend  between 
twenty  and  thirty  leagues  into  the  interior. 

Patagonia. — ^With  the  exception  perhaps  of  the 
hill  of  S.  Antonio  (600  feet  high)  in  the  Gulf  of  S. 
Matias,  which  has  never  been  visited  by  a  geologist, 
crystalline  rocks  are  not  met  with  on  the  coast  of  Pata- 
gonia for  a  space  of  380  miles  south  of  the  S.  Ventana. 
At  this  point  (lat.  43®  50^),  at  Points  Union  and  Tombo, 
plutonic  rocks  are  said  to  appear,  and  are  found,  at 
rather  wide  intervals,  beneath  the  Patagonian  tertiary 
formation  for  a  space  of  about  300  miles  southward,  to 
near  Bird  Island,  in  lat.  48®  56'.  Judging  from  speci- 
mens kindly  collected  for  me  by  Mr.  Stokes,  the  pre- 
vailing rock  at  Ports  St.  Elena,  Camerones,  Malaspina, 
and  as  far  south  as  the  Paps  of  Pineda,  is  a  purplish- 
pink  or  brownish  claystone  porphyry,  sometimes  la^ 
minated,  sometimes  slightly  vesicular,  with  crystals  of 
opaque  feldspar  and  with  a  few  grains  of  quartz ;  hence 
these  porphyries  resemble  those  immediately  to  be  des- 
cribed at  Port  Desire,  and  likewise  a  series  which  I  have 
«een  from  P.  Alegre  on  the  southern  confines  of  Brazil. 
This  porphyritic  formation  further  resembles  in  a 
singularly  close  manner  the  lowest  stratified  formation 
of  the  Cordillera  of  Chile,  which,  as  we  shall  hereafter 
fiee,  has  a  vast  range,  and  attains  a  great  thickness. 
At  the  bottom  of  the  Gulf  of  St^  George,  onl^  Yiw^cwarj 
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deposits  appear  to  be  present.  At  Cape  Blanco,  there 
is  quartz  rock,  very  like  that  of  the  Falkland  Islands, 
and  Bome  hard,  blue,  siliceous  clay-slate. 

At  Port  Desire  there  is  an  extensive  formation  of 
the  clayatone  porphyry,  stretching  at  least  twenty-five 
miles  into  the  interior :  it  has  been  denuded  and  deeply 
worn  into  gullies  before  being  covered  up  by  tbe  ter- 
tiary deposits,  through  which  it  hei-e  and  there  projects 
in  hills ;  those  north  of  the  bay  being  440  feet  in 
height.  The  strata  have  in  several  places  been  tilted 
at  small  angles,  generally  either  to  NNW.  or  SSE. 
By  gradual  passages  and  alternations,  the  porphyries 
change  incessantly  in  nature.  I  will  describe  only 
some  of  the  principal  mineralogical  changes,  which  are 
liighly  instructive,  and  which  I  carefully  examined. 
The  prevailing  rock  has  a  compact  purplish  base,  with 
crystalflof  earthy oropaquefeldspar,andoftenwith  grain? 
of  quartz.  There  are  other  varieties,  with  an  almost  truly 
trachytic  base,  full  of  little  angular  vesicles  and  crystahi 
of  glassy  feldspar ;  and  there  are  beds  of  black  perfect 
pitchstone,  as  well  as  of  a  concretionary  imperfect 
variety.  On  a  casual  inspection,  the  whole  series  would 
be  thought  to  be  of  the  same  plutonic  or  volcanic 
nature  with  the  trachytic  varieties  and  pitchstone ;  but 
this  is&r  from  being  the  case,  as  much  of  the  porphyry 
is  certainly  of  metamorphic  origin.  Besides^the  true 
porphyries,  there  are  many  beds  of  earthy,  quite  white 
or  yellowish,  friable,  easily  fusible  matter,  resembling 
chalk,  which  imder  the  microscope  is  seen  to  consist  of 
minute  broken  crystals,  and  which,  as  remarked  in  a 
former  chapter,  singularly  resembles  the  upper  tu&ceous 
beds  of  the  Fatagonian  tertiary  formation.  This  earthy 
substance  oiten  becomes  coarser,  and  contains  minute 
rounded  fragments  of  porphyries  and  rounded  grains  of 
quartz,  and  in  one  case  ao  many  of  the  latter  as  to 
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resemble  a  common  sandstone.  These  beds  are  sometimes 
marked  with  true  lines  of  aqueous  deposition,  separat- 
ing particles  of  dififerent  degrees  of  coarseness ;  in  other 
eases  there  are  parallel  ferruginous  lines  not  of  true 
deposition,  as  shown  by  the  arrangement  of  the  par- 
ticles^  though  singularly  resembling  them.  The  more 
indurated  varieties  often  include  many  small  and  some 
larger  angular  cavities,  which  appear  due  to  the  re- 
moval of  earthy  matter :  some  varieties  contain  mica. 
All  these  earthy  and  generally  white  stones  insensibly 
pass  into  more  indurated  sonorous  varieties,  breaking 
with  a  conchoidal  fracture,  yet  of  small  specific  gravity; 
many  of  these  latter  varieties  assimie  a  pale  purple  tint, 
being  singularly  banded  and  veined  with  different  shades, 
and  often  become  plainly  porphyritic  with  crystals  of 
feldspar.  The  formation  of  these  crystals  could  be 
most  clearly  traced  by  minute  angular  and  often  par- 
tially hollow  patches  of  earthy  matter,  first  assuming  a 
Jibroua  structure^  then  passing  into  opaque  imperfectly 
shaped  crystals,  and  lastly,  into  perfect  glassy  crystals. 
When  these  crystals  have  appeared,  and  when  the 
basis  has  become  compact,  the  rock  in  many  places 
could  not  be  distinguished  from  a  true  claystone  por- 
phyry without  a  trace  of  mechanical  structure. 

In  some  parts,  these  earthy  or  tufaceous  beds  pass 
into  jaspery  and  into  beautifully  mottled  and  banded 
porcelain  rocks,  which  break  into  splinters,  ti'anslucent 
at  their  edges,  hard  enough  to  scratch  glass,  and  fusible 
into  white  transparent  beads  :  grains  of  quartz  included 
in  the  porcelainous  varieties  can  be  seen  melting  into 
the  surrounding  paste.  In  other  parts,  the  earthy  or 
tufaceous  beds  either  insensibly  pass  into,  or  alternate 
with,  breccias  composed  of  large  and  small  fragments 
of  various  purplish  porphyries,  with  the  matrix  gene- 
jrally  porphyritic:    these    breccias,  thoM^  \iXie\x  ^\3^ 
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aqueous  origin  is  in  maoy  places  shown  both  by  tho 
anangemeiit  of  their  smaller  particles  and  bj  an  oblique 
or  current  lamination,  also  pass  into  porphyries,  in 
which  every  trace  of  mechanical  origin  and  stratifica- 
tion lias  been  obliterated. 

Some  highly  porphyritic  though  coarse-gi'ained 
masses,  evidently  of  sedimentary  origin,  and  divided 
into  thin  layers,  differing  from  each  other  chiefly  in 
the  number  of  embedded  grains  of  quarts,  interested 
me  much  from  the  peculiar  manner  in  which  here  and 
there  some  of  the  layers  terminated  in  abrupt  points, 
quite  unlike  those  prodiiced  by  a  layer  of  sediment 
naturally  thinning  out,  and  apparently  the  result  of  a 
subsequent  process  of  metamorphic  a^regation.  la 
another  common  variety  of  a  finer  texture,  the  aggre- 
gating process  had  gone  further,  for  the  whole  mass 
consisted  of  quite  short,  parallel,  often  slightly  curved 
layers  or  patches,  of  whitish  or  reddish  finely  granulo- 
cryetalline  feldspathic  matter,  generally  terminating  at 
both  ends  in  blunt  points ;  these  layers  or  patches  fur- 
ther tended  to  pass  into  wedge  or  almond  shaped  little 
masses,  and  these  finally  into  true  crystals  of  feldspar, 
with  their  centres  often  slightly  druay.  The  series  was 
BO  perfect  that  I  could  not  doubt  that  these  large 
crystals,  which  had  their  longer  axes  placed  parallel  to 
each  other,  had  primarily  originated  in  the  metamor- 
phosis and  aggregation  of  alternating  layers  of  tuff; 
and  hence  their  parallel  position  must  be  attributed 
(unexpected  though  the  conclusion  may  be),  not  to 
laws  of  chemical  action,  but  to  tbe  original  planes  of 
deposition.  I  am  tempted  briefly  to  describe  three 
other  singular  allied  varieties  of  rock ;  the  first  with- 
out examination  would  have  passed  for  a  stratified 
porphyritic  breccia,  but  all  the  included  angular  fn^ 
nients  consisted  of  a  boidei  of  pinkish  crystalline  feld^-- 
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pathic  matter,  Burrounding  a  dark  translucent  siliceous 
centre,  in  which  grains  of  quartz  not  quite  blended 
into  the  paste  could  be  distinguished :  this  uniformity 
in  the  nature  of  the  fragments  shows  that  they  are  not 
of  mechanical,  but  of  concretionary  origin,  having  re- 
sulted perhaps  from  the  self-breaking  up  and  aggrega- 
tion of  layers  of  indurated  tuff  containing  numerous 
grains  of  quartz, — into  which,  indeed,  the  whole  mass 
in  one  part  passed.  -  The  second  variety  is  a  reddish 
non-porphyritic  claystone,  quite  full  of  spherical 
cavities,  about  half  an  inch  in  diameter,  each  lined  with 
a  collapsed  crust  formed  of  crystals  of  quartz.  The 
third  variety  also  consists  of  a  pale  purple  non-porphy- 
ritic claystone,  almost  wholly  formed  of  concretionary 
balls,  obscurely  arranged  in  layers,  of  a  less  compact 
and  paler  coloured  claystone ;  each  ball  being  on  one 
side  partly  hollow  and  lined  with  crystals  of  quartz. 

Psevdo-Dikes. — Some  miles  up  the  harbour,  in  a 
line  of  cliffs  formed  of  slightly  metamorphosed  tuface- 
ous  and  porphyritic  claystone  beds,  I  observed  three 
vertical  dikes,  so  closely  resembling  in  general  appear- 
ance ordinary  volcanic  dikes,  that  I  did  not  doubt, 
until  closely  examining  their  composition,  that  they 
had  been  injected  from  below.  The  first  is  straight, 
with  parallel  sides,  and  about  four  feet  wide ;  it  con- 
sists of  whitish,  indurated  tufaceous  matter,  precisely 
like  some  of  the  beds  intersected  by  it.  The  second 
dike  is  more  remarkable  ;  it  is  slightly  tortuous,  about 
eighteen  inches  thick,  and  can  be  traced  for  a  con- 
siderable distance  along  the  beach  ;  it  is  of  a  purplish- 
red  or  brown  colour,  and  is  formed  chiefly  of  rounded 
grains  of  quartz,  with  broken  crystals  of  earthy  feld- 
spar, scales  of  black  mica,  and  minute  fragments  of 
claystone  porphyry,  all  firmly  united  together  in  a  hard 
sparing  base.   The  structure  of  this  dike  ?iio^^  cAsm\qvm^1 
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that  it  ia  of  mechanical  and  sedimeDtarr  ori^a  ;  yet  it 
tluoned  out  upwards,  and  did  not  cut  through  the 
uppermost  strata  in  the  cliffi.  This  &ct  at  first  appears 
to  indicate  tliat  the  matter  could  not  have  been  washed 
in  from  above ; '  but  if  we  reflect  on  the  guction  which 
voold  result  from  a  deep-eeated  fissure  being  formed, 
we  may  admit  that  if  the  fissure  were  in  any  part  open 
to  ttie  eiirfiice,  mud  and  water  might  well  be  drawn 
into  it  along  itt^  whole  course.  The  third  dike  consisted 
of  a  Iiard,  rough,  wliite  rock,  almost  composed  of  broken 
crystals  of  glassy  feldspar,  with  numeroiis  scales  of  black 
mica,  cemented  in  a  scanty  base ;  there  was  little  in 
the  appearaDce  of  this  rock,  to  preclude  the  idea  of  \\& 
having  been  a  true  injected  feldspathic  dike.  The 
mattijr  tomposiiif^  these  throe  pseiido-dike.s,  especially 
the  second  one,  appears  to  have  suffered,  like  the  anr- 
rounding  strata,  a  certain  degree  of  metamorphic 
action ;  and  this  has  much  aided  the  deceptive  ^pear- 
ance.  At  Bahia,  in  Brazil,  we  have  seen  that  a  true 
injected  homblendic  dike,  not  only  has  suffered  meta- 
morphosis, but  has  been  dislocated  and  even  diffused 
Id  the  surrounding  gneiss,  under  the  form  of  separate 
crystals  and  of  fragmentB. 

FalMand  laUmde. — I  have  described  these  islands 
in  a  paper  published  in  the  third  volume  of  the  '  Geo- 
logical Journal.'  The  mountain-ridges  consist  of  quartz, 
and  the  lower  country  of  clay-slate  and  sandstone,  the 
latter  containing  palaeozoic  fossils.  These  fossils  have 
been  separately  described  by  Messrs.  Morris  and  Sharpe : 
some  of  them  resemble  Silurian,  and  others  Devonian 
forma.  In  the  eastern  part  of  the  group  the  sevend 
•    parallel  ridges  of  quartz  extend  in  a  west  and  east  line; 

'  Upfllled  figmrea  are  knoirn  to  occur  both  in  ralcanic  sod  in 
ordionry  sedtmeataiy  formatioDB.  At  Che  Oalapasoa  Archipelago 
/-««  n^rt^f*.  v    ^e  .!,:_  . u^    kU..^  -^  „^^^  BtrikiDg  examplcfl    of 
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but  &rther  westward  the  line  becomes  WNW.  and  ESE., 
and  even  still  more  northerly.  The  cleavage-planes  of 
the  clay-slate  are  highly  inclined,  generally  at  an  angle 
of  above  50%  and  often  vertical ;  they  strike  almost 
invariably  in  the  same  direction  with  the  quartz  ranges. 
The  outline  of  the  indented  shores  of  the  two  main 
idands^  and  the  relative  positions  of  the  smaller  islets, 
accord  with  the  strike  both  of  the  main  axes  of  elevation 
and  of  the  cleavage  of  the  clay-slate. 

Tierra  del  Fuego. — My  notes  on  the  geology  of 
this  country  are  copious,  but  as  they  are  unimportant, 
and  as  fossils  were  found  only  in  one  district,  a  brief 
fiketch  will  be  here  suflScient.  The  east  coast  from  the 
Straits  of  Magellan  (where  the  boulder  formation  is 
largely  developed)  to  St.  Polycarp's  Bay  is  formed  of 
horizontal  tertiary  strata,  bounded  some  way  towards 
the  interior  by  a  broad  mountainous  band  of  clay-slate. 
This  great  clay-slate  formation  extends  from  St.  Le 
Maire  westward  for  1 40  miles,  along  both  sides  of  the 
Beagle  Channel  to  near  its  bifurcation.  South  of  this 
channel,  it  forms  all  Navarin  Island,  and  the  eastern 
half  of  Hoste  Island  and  of  Hardy  Peninsula ;  north  of 
the  Beagle  Channel  it  extends  in  a  north-west  line  on 
both  sides  of  Admiralty  Sound  to  Brunswick  Peninsula 
in  the  Straits  of  Magellan,  and  I  have  reason  to  believe, 
stretches  far  up  the  eastern  side  of  the  Cordillera.  The 
western  and  broken  side  of  Tierra  del  Fuego  towards 
the  Pacific  is  formed  of  raetamorphic  schists,  granite 
and  various  trappean  rocks :  the  line  of  separation  be- 
tween the  crystalline  and  clay-slate  formations  can 
generally  be  distinguished,  as  remarked  by  Captain 
King,*  by  the  parallelism  in  the  clay-slate  districts  of 
the  shores  and  channels,  ranging  in  a  line  between 
[W.  20°  to  40°  N.]  and  [E.  20°  to  40°  S.]. 

*  •Geographical  Journal,'  vol.  i.  p.  165. 
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Tbe  clay-slate  is  generally  fissile,  sometimes  siliceous 
or  ferruginous,  with  veins  of  quartz  and  calcareous 
spar ;  it  often  assumes,  especially  on  the  loftier  moun- 
tains, an  altered  feldspathic  cimracter,  passing  into 
feldspathic  porphyry :  occasionally  it  is  associated  with 
breccia  and  grauwacke.  At  Good  Success  Bay,  there 
is  a  little  intercalated  black  crj'stalline  limestone.  At 
Port  Famine  much  of  tbe  clay-slate  is  calcareous,  and 
passes  either  into  a  mudstone  or  into  grauwacke,  in- 
cluding odd-shaped  eoneretions  of  dark  argillaceous 
limestone.  Here  alone,  on  the  shore  a  few  miles  north 
of  Fort  Famine,  and  on  the  summit  of  Mount  Tarn 
(2,600  feet  high),  I  found  organic  remains;  they  ooa- 
Hist  of; — 

1.  ■■    .-.I...-.-  -  ;,,. 's,  d'Orbig.  '  IM  rr:iQ.-,\Pl.  V.  f.  iJ)  lloaat  Tom. 

2.  Fosns  (in  imperToct  state)  do. 


B.  SowOTbj,  do. 

M.  d'Orbigny  states '  that  MM.  Hombron  and 
Grange  found  in  this  neighbourhood  an  Ancyloceraa, 
perhaps  A,  simplex,  an  Ammonite,  a  Plicatula  and 
Modiola.  M.  d'Orbigny  believes  from  the  general 
character  of  these  fossils,  and  firom  the  Ancyloceias 
bein^  identical  (as  far  as  its  imperfect  condition  allows 
of  comparison)  with  the  A.  simplex  of  Europe,  that 
the  formation  belongs  to  an  early  stage  of  the  Cretaceous 
system.  Professor  E.  Forbes,  judging  only  from  my 
specimens,  concurs  in  the  probability  of  this  coaclusicoi. 
The  Hamites  elattor  of  the  above  list,  of  which  a  des- 
cription is  given  by  Mr.  Sowerby  in  the  Appendix,  and 
which  is  remarkable  &om  its  laige  size,  has  not  been 
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seen  either  by  M.  d'Orbigny  or  Professor  E.  Forbes,  as, 
since  my  return  to  England,  the  specimens  have  been 
lost.  The  great  clay-slate  formation  of  Tierra  del  Fuego 
being  cretaceous,  is  certainly  a  very  interesting  fact, — 
whether  we  consider  the  appearance  of  the  country, 
which,  without  the  evidence  afforded  by  the  fossils, 
would  form  the  analogy  of  most  known  districts,  pro- 
bably have  been  considered  as  belonging  to  the  Palaso- 
zoic  series, — or  whether  we  view  it  as  showing  that  the 
age  of  this  terminal  portion  of  the  great  axis  of  South 
America,  is  the  same  (as  will  hereafter  be  seen)  with 
the  CJordillera  of  Chile  and  Peru. 

The  clay-slate  in  many  parts  of  Tierra  del  Fuego, 
is  broken  by  dikes  *  and  by  great  masses  of  greenstone, 
often  highly  homblendic :  almost  all  the  small  islets 
within  the  clay-slate  districts  are  thus  composed.  The 
slate  near  the  dikes  generally  becomes  paler-coloured, 
harder,  less  fissile,  of  a  feldspathic  nature,  and  passes 
into  a  porphyry  or  greenstone :  in  one  case,  however, 
it  became  more  fissile,  of  a  red  colour,  and  contained 
minute  scales  of  mica,  which  were  absent  in  the  un- 
altered rock.  On  the  east  side  of  Ponsonby  Sound, 
some  dikes  composed  of  a  pale  sonorous  feldspathic 
rock,  porphjrritic  with  a  little  feldspar,  were  remarkable 
from  their  number, — there  being  within  tlie  space  of  a 
mile  at  least  one  hundred, — from  their  nearly  equalling 
in  bulk  the  intermediate  slate, — and  more  especially 
from  the  excessive  fineness  (like  the  finest  inlaid  car- 
pentry) and  perfect  parallelism  of  their  junctions  with 
the  almost  vertical  laminae  of  clay-slate.  I  was  unable 
to  persuade  myself  that  these  great  parallel  masses  had 
been  injected,  until  I  found  one  dike  which  abruptly 

*  In  a  greenstone-dike  in   the   Magdalen   Channel,   the   feldspar 
cleaved  with  the  angle  of  albite.     This  dike  was  crossed,  as  well  as  the 
surrounding  slate,  by  a  large  yein  of  quartz,  a  circumstance  oi  >\i\.>is>M^ 
occurrence. 


thinned  out  to  half  its  thiekaese,  and  had  one  of  its 
walls  jagged,  with  fragments  of  the  date  ombedded 
in  it. 

Id  southern  T.  del  Fuego,  the  clay-fllate  towards 
its  SW.  boundary,  becoraes  much  altered  and  feld- 
spathic.  Thus  on  Wollaston  Island  slate  and  grauwacke 
can  be  distinctly  traced  passing  intfl  feldspathic  rocks 
and  greenstones,  including  iron  pyrites  and  epidote, 
but  still  retaining  traces  of  cleavage  with  the  usual 
strike  and  dip.  One  such  metamorpboeted  mass  wag 
traversed  by  large  vein-like  masses  of  a  beautiful 
mixture  (as  ascertained  by  Professor  Miller)  of  green 
epidote,  garnets,  and  white  calcareous  spar.  On  the 
northern  point  of  this  same  island,  there  were  various 
ancient  submarine  volcanic  rocks,  consisting  of  amy^ 
daloids  with  dark  bole  and  agate, — of  basalt  wit^ 
decomposed  olivine, — of  compact  lava  with  glassy 
feldspar, — and  of  a  coarse  conglomerate  of  red  scoris, 
parts  being  amygdaloidal  with  carbonate  of  lime.  The 
southern  part  of  WoUaston  Island  and  the  whole  of 
Hermite  and  Horn  Islands,  seem  formed  of  cones  of 
greenstone :  the  outlying  islets  of  II  Defenso  and  D. 
Baminez  are  said '  to  consist  of  porphyritio  laVa.  In 
crossing  Hardy  Peninsula,  the  slate  still  retaining 
traces  of  its  usual  cleavage,  paeses  into  columnar  feld- 
spathic  rocks,  which  are  succeeded  by  an  irregular  tract 
of  trappean  and  basaltic  rocks,  containing  glassy  feld- 
spar and  much  iron  pyrites :  there  is,  also,  some  harsh 
red  claystone  porphyry,  and  an  almost  true  trachyte, 
with  needles  of  hornblende,  and  in  one  spot  a  curioue 
slaty  rock  divided  into  quadrangular  columns,  having 
a  base  almost  like  trachyte,  with  drusy  cavities  lined 
by  crystals,  too  imperfect,  according  to  Professor  Miller, 

'  I>B[«rmined  by  Ftotesstn  JanwKm.    Weddell's  '  Voynge,'  p,  169. 
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to  be  measured,  but  resembling  Zeagonite.^  In  the 
midst  of  these  singular  rocks,  no  doubt  of  ancient  sub- 
marine volcanic  origin,  a  high  hill  of  feldspathic  clay- 
date  projected,  retaining  its  usual  cleavage.  Near  this 
point,  there  was  a  small  hillock,  having  the  aspect  of 
granite,  but  formed  of  white  albite,  brilliant  crystals  of 
hornblende  (both  ascertained  by  the  reflecting  gonio- 
meter) and  mica;  but  with  no  quartz.  No  recent 
volcanic  district  has  been  observed  in  any  part  of  Tierra 
del  Fuego. 

Five  miles  west  of  the  bifurcation  of  the  Beagle 
Channel,  the  slate-formation,  instead  of  becoming,  as 
in  the  more  southern  parts  of  Tierra  del  Fuego,  feld- 
spathic, and  associated  with  trappean  or  old  volcanic 
locks,  passes  by  alternations  into  a  great  imderlying 
mass  of  fine  gneiss  and  glossy  clay-slate,  which  at  no 
great  distance  is  succeeded  by  a  grand  formation  of 
mica-slate  containing  garnets.  The  folia  of  these 
metamorphic  schists  strike  parallel  to  the  cleavage- 
planes  of  the  clay-slate,  which  have  a  very  uniform 
direction  over  the  whole  of  this  part  of  the  country : 
the  folia,  however,  are  undulatory  and  tortuous,  whilst 
the  cleavage-laminsB  of  the  slate  are  straight.  These 
schists  compose  the  chief  mountain-chain  of  southern 
T.  del  Fuego,  ranging  along  the  north  side  of  the  north- 
em  arm  of  the  Beagle  Channel,  in  a  short  \\^NW. 
and  ESE.  line,  with  two  points  (Mounts  Sarmiento  and 
Darwin)  rising  to  heights  of  6,800  and  6,900  feet. 
On  the  south-western  side  of  this  northern  arm  of  the 
Beagle  Channel,  the  clay-slate  is  seen  with  its  strata 
dipping  from  the  great  chain,  so  that  the  metamorphic 
schists  here  form  a  ridge  bordered  on  each  side  by  clay- 
slate.     Farther    north,   however,  to  the  west  of  this 

>  See  Mr.  Brooke's  Paper  in  the  '  London  Phil.  Mag.'  vol.  x.    Tli^a 
mineral  occnrs  in  an  ancient  volcanic  rock  near  l^ome. 
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greiit  range,  there  is  no  clay-slate,  but  only  gneiss,  mica, 
and  hornblendio  slates,  restiug  on  great  barren  bills  of 
true  ^Tanite,  and  formiDp;  a  tract  about  sixty  miles  in 
width.  Again,  westward  of  these  rocka,  the  outermost 
islands  are  of  trappean  formation,  which,  from  informa- 
tion obtained  during  the  vo3:ages  of  thts  '  Adventure ' 
%nd  '  Beagle,' '  seem,  together  with  granite,  chiefly  to 
prevail  along  the  western  coast  as  far  north  as  tho  en- 
trnnee  of  the  St.  of  Magellan  :  a  little  more  inland,  on 
Uie  eastern  side  of  Clarence  Island  and  S.  Desolation, 
granite,  greenstone,  mica-slate,  and  gneiss  appear  to 
predominate.  I  am  tempted  to  believe,  that  where  the 
clay-filat«  has  been  metamorphosed  at  great  depths 
beneath  the  sur&ce,  gneiss,  mica-slate,  and  other  allied 
rocka  have  been  formed,  but  where  the  action  has  t:iken 
place  nearer  the  Bur&ce,  feldspathic  porphyries,  green- 
stones,  etc,  have  resulted,  often  accompanied  by  sub- 
marine  volcanic  eruptions. 

Only  one  other  rock,  met  with  in  both  arms  of  the 
Beagle  Channel,  deserves  any  notice,  namely  a  granule- 
crystalline  mixture  of  white  albite,  black  hornblende 
^ascertained  by  measurement  of  the  crystals,  and  con- 
firmed by  Professor  Miller),  and  more  or  less  of  brown 
mica,  but  without  any  quarts.  This  rock  occurs  in 
la^e  TTiaiiaw,  closely  resembling  in  external  form 
granite  or  syenite  :  in  the  southern  arm  of  the  Channel, 
one  such  mass  underlies  the  mica-slate,  on  which  clay- 
slate  was  superimposed :  this  peculiar  plutonic  rock 
which,  as  we  have  seen,  occurs  also  in  Hardy  Peninsnia, 
is  interesting,  from  its  perfect  similarity  with  that 
(hereafter  often  to  be  referred  to  under  the  name  of 

'  ?«•  Ihe  P^P"  fcy  C«pt.  Klag,  in  the  'tieognph-  Joonia] ;'  aita 
a  Letter  to  Dr.  Fitton  in  ■  Geolog.  Proc..'  vol.  i.  p.  29 ;  also  some  ob- 
■errationa  bj  Capt,  FibRoj,  •  Vojagos.'  toL  L  p.  375.  1  mh  indebted 
alio  to  Mr.  LjeM  for  a  aeriw  of  spacinaDi  mll*ft«ri  bj  LienL  Grare*. 
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aadesite)  fonxxiDg  the  great  injected  axes  of  the  Cordil- 
lera of  Chile. 

The  stratification  of  the  clay-slate  is  generally  very 
obscure,  whereas  the  cleavage  is  remarkably  well  defined: 
to  b^n  with  the  extreme  eastern  parts  of  T.  del  Fuego ; 
the  cleavage-planes  near  the  St.  of  Le  Maire  strike 
either  W.  and  E.  or  WSW.  and  ENE.,  and  are  highly 
inclined ;  the  form  of  the  land,  including  Staten  Island, 
indicates  that  the  axes  of  elevation  have  run  in  this 
«ame  line,  though  I  was  imable  to  distinguish  the  planes 
of  stratification.  Proceeding  westward,  I  accurately 
examined  the  cleavage  of  the  clay-slate  on  the  northern, 
eastern,  and  western  sides  (thirty-five  miles  apart)  of 
Navarin  Island,  and  everywhere  found  the  laminaa 
ranging  with  extreme  regularity,  WNW.  and  ESE., 
seldom  varying  more  than  one  point  of  the  compass 
from  this  direction.^  Both  on  the  east  and  west  coasts, 
I  crossed  at  right-angles  the  cleavage-planes  for  a  space 
of  about  eight  miles,  and  found  them  dipping  at  an 
angle  of  between  45°  and  90%  generally  to  SSW., 
sometimes  to  NNE.,  and  often  quite  vertically.  The 
SSW.  dip  was  occasionally  succeeded  abruptly  by  a 
NNE.  dip,  and  this  by  a  vertical  cleavage,  or  again  by 
the  SSW.  dip ;  as  in  a  lofty  clifiF  on  the  eastern  end  of 
the  island  the  laminae  of  slate  were  seen  to  be  folded 
into  very  large  steep  curves,  ranging  in  the  usual  WNW. 
line,  I  suspect  that  the  varying  and  opposite  dips  may 
possibly  be  accounted  for  by  the  cleavage-laminae, 
though  to  the  eye  appearing  straight,  being  parts 
of  large  abrupt  curves,  with  their  summits  cut  off  and 
worn  down. 

In  several  places  I  was  particularly  struck  with  the 

*  The  clay-slate  in  this  island  was  in  many  places  crossed  by  paral- 
lel smooth  joints.  Out  of  five  cases,  the  angle  of  intersection  between 
the  strike  of  these  joints  and  that  of  the  cleavage-lammab  "v^^a  ^xi>  V«^ 
cases  45°  and  in  two  others  79*^. 
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fact,  that  ttio  fine  lamitrn;  of  the  clay-slate,  where  cat- 
ting mtraight  through  the  bands  of  si  ratification,  and 
therefore  indiBpiitably  true  clearage-planea,  differed 
slightly  in  their  greyisli  and  greenish  tinU  of  colour,  in 
compactness,  and  in  some  of  the  lamime  having  a  rather 
more  jaspery  appearance  than  others.  I  have  not  seen 
this  fact  recorded,  and  it  appears  to  me  important,  for 
it  shows  that  the  same  cause  which  has  produced  the 
highly  fissilo  structure,  has  altered  in  a  slight  degree 
the  mineralogical  diameter  of  the  rock  in  the  same 
plnnt^Hi.  The  bands  of  stratification,  just  alluded  to, 
can  be  diirtinguished  in  many  places,  especially  in 
Navarin  Island,  but  only  ou  the  weathered  Burfaoes  of 
the  elate ;  they  consist  of  slightly  imdiilatory  zones  of 
different  shades  of  colour  and  of  thicknesses,  and  re- 
semble the  marks  (more  closely  than  anything  else 
to  which  I  can  compare  them)  left  on  the  inside  of  a 
vessel  by  the  draining  away  of  Bome  dirty  slightly 
agitated  liquor:  no  difference  in  composition,  corre- 
sponding with  these  zones,  could  be  seen  in  ireshly 
fractured  surfaces.  In  the  more  level  parts  of 
Navarin  Island,  these  bands  of  stratification  were 
nearly  horizontal ;  but  on  the  flanks  of  the  mountains 
they  were  inclined  from  them,  but  in  no  instance  that 
I  saw  at  a  very  high  angle.  There  can,  I  think,  be  no 
doubt  that  these  zones,  which  appear  only  on  the 
weathered  surfaces,  are  the  last  vestiges  of  the  ori- 
ginal planes  of  stratification,  now  almost  obliterated 
by  the  highly  fissile  and  altered  structure  which  the' 
mass  has  assumed. 

The  clay-slate  cleaves  in  the  same  WNW.  and  ESE. 
direction,  as  on  Navarin  Island,  on  both  sides  of  the 
Beagle  Channel,  on  the  eastern  side  of  Hoste  Island,  on 
the  N£.  side  of  Hardy  Peninsula,  and  on  the  northern 
pojQt  of  WollaEton   Island-,  although   in    these   two 
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latter  localities  the  cleavage  has  been  much  obscured 
by  the  metamorphosed  and  feldspathic  condition  of  the 
slate.  Within  the  area  of  these  several  islands,  in- 
cluding Navarin  Island,  the  direction  of  the  stratifica- 
tion and  of  the  mountain-chains  is  very  obscure ;  though 
the  mountains  in  several  places  appeared  to  range  in 
the  same  WNW.  line  with  the  cleavage :  the  outline 
of  the  coast,  however,  does  not  correspond  with  this 
line.  Near  the  bifurcation  of  the  Beagle  Channel, 
where  the  underlying  metamorphic  schists  are  first  seen, 
they  are  foliated  (with  some  irregularities),  in  this  same 
WNW.  line,  and  parallel,  as  before  stated,  to  the  main 
mountain-axis  of  this  part  of  the  country.  Westward 
of  this  main  range,  the  metamorphic  schists  are  foliated, 
though  less  plainly,  in  the  same  direction,  which  is 
likewise  common  to  the  zone  of  old  erupted  trappean 
rocks,  forming  the  outeimost  islets.  Hence  the  area, 
over  which  the  cleavage  of  the  slate  and  the  foliation  of 
the  metamorphic  schists  extends  with  an  average  WNW. 
and  ESE.  strike,  is  about  forty  miles  in  a  north  and 
south  line,  and  ninety  miles  in  an  east  and  west  line. 

Further  northward,  near  Port  Famine,  the  stratifi- 
cation of  the  clay-slate  and  of  the  associated  rocks,  iff 
well  defined,  and  there  alone  the  cleavage  and  strata- 
planes  are  parallel.  A  little  north  of  this  port  there  is 
an  anticlinal  axis  ranging  NW.  (or  a  little  more  westerly) 
and  SE. :  south  of  the  port,  as  far  as  Admiralty  Sound 
and  Gabriel  Channel,  the  outline  of  the  land  clearly 
indicates  the  existence  of  several  lines  of  elevation  in 
this  same  NW.  direction,  which,  I  may  add,  is  so  uni- 
form in  the  western  half  of  the  St.  of  Magellan,  that, 
as  Captain  King  *  has  remarked, '  a  parallel  ruler  placed 
on  the  map  upon  the  projecting  points  of  the  south 
shore,  and  extended  across  the  strait,  will  also  touch 

*  ♦  Geograph.  Journal,'  vol.  i.  p.  170. 
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the  headlands  on  the  oppondte  coast.'  It  would  appear, 
from  Captain  King's  observationa,  that  over  all  this 
area  the  cleavage  extends  in  the  same  line.  Deep-water 
channels,  however,  in  all  parts  of  Tierra  del  Fuego 
have  burst  through  the  trammels  both  of  stratification 
Bad  cleavage ;  moat  of  them  may  have  been  formed  during 
the  elevation  of  the  land  by  toug-continued  erosion, 
but  others,  for  instance  the  Beagle  Channel,  which 
stretches  like  a  narrow  canal  for  120  miles  obliquely 
through  the  mouutaine,  can  hardly  have  thus  origi- 
nated. 

Finally,  we  liave  seen  that  in  the  extreme  eastern 
point  of  Tierra  del  Fuego,  the  cleavage  and  coast-lines 
extend  W.  and  E.  and  even  W8W.  and  ENE. :  over  a 
large  area  westward,  the  cleavarre,  the  main  range  of 
mountains,  and  some  subordinate  ranges,  but  not  the 
ontlines  of  the  coast,  strike  'nTTW.  and  £SE. :  in  the 
central  and  western  parts  of  the  Strait  of  Magellan,  the 
stratification,  the  mountain-ranges,  the  outlines  of  the 
coast,  and  the  cleavage  all  strike  nearly  NW.  and  SE. 
North  of  the  strait,  the  outline  of  the  coast,  and  the 
mountains  on  the  mainland,  run  nearly  north  and 
aouth.  Hence  we  see,  at  this  southern  point  of  the 
continent,  how  gradually  the  Cordillera  bend,  from 
their  north  and  south  course  of  so  many  thousand  miles 
in  length,  into  an  E.  and  even  ENE.  direction. 

Wcsf  Coast,  from  Gm  SotUkem  Chonos  laUmda  to 
Northern  Chile. — The  first  place  at  which  we  landed 
north  of  the  St.  of  Magellan  was  near  Cape  Tres  Montes, 
in  lat.  47°  S.  Between  this  point  and  the  northern  Chonoa 
Islands,  a  distance  of  200  miles,  the  '  Beagle '  visited 
several  points,  and  specimens  were  collected  for  me 
from  the  intermediate  spaces  by  Lieut.  Stokes.  The 
predominant  rock  is  mica-slate,  with  thick  folia  of 
quartz,  very  frequently  edtemating  with  and  passing 
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into  a  chloritic,  or  into  a  black,  glossy,  often  striated, 
slightly  anthracitic  schist,  which  soils  paper,  and  be- 
comes white  under  a  great  heat,  and  then  fuses.  Thin 
layers  of  feldspar,  swelling  at  intervals  into  well  crystal- 
lised kernels,  are  sometimes  included  in  these  black 
schists ;  and  I  observed  one  mass  of  the  ordinary  black 
variety  insensibly  lose  its  fissile  structure,  and  pass  into  a 
singular  mixture  of  chlorite,  epidote,  feldspar,  and  mica. 
<jreat  veins  of  quartz  are  numerous  in  the  mica-schist ; 
wherever  these  occur  the  folia  are  much  convoluted. 
In  the  southern  part  of  the  Peninsula  of  Tres  Montes, 
a  compact  altered  feldspathic  rock  with  crystals  of 
feldspar  and  grains  of  quartz  is  the  commonest  variety ; 
this  rock^  exhibits  occasionally  traces  of  an  original 
brecciated  structure,  and  often  presents  (like  the  altered 
state  of  Tierra  del  Fuego)  traces  of  cleavage-planes, 
which  strike  in  the  same  direction  with  the  folia  of 
mica-schist  farther  northward.  At  Inchemo  Island,  a 
similar  rock  gradually  becomes  granulo-crystalUne  and 
acquires  scales  of  mica  ;  and  this  variety  at  S.  Estevan 
becomes  highly  laminated,  and  though  still  exhibiting 
some  rounded  grains  of  quartz,  passes  into  the  black, 
glossy,  slightly  anthracitic  schist,  which,  as  we  have 
seen,  repeatedly  alternates  with  and  passes  into  the 
micaceous  and  chloritic  schists.  Hence  all  the  rocks 
on  this  line  of  coast  belong  to  one  series,  and  insensibly 
vary  from  an  altered  feldspathic  clay-slate  into  largely 
foliated,  true  mica-schist. 

The  cleavage  of  the  homogeneous  schists,  the  folia- 
tion of  those  composed  of  more  or  less  distinct  minerals 
in  layers,  and  the  planes  of  alternation  of  the  different 
varieties  or  so-called  stratification,  are  all  parallel  and 

*  The  peculiar,  abruptly  conical  form  of  the  hills  in  this  neighbour- 
hood, would  have  led  any  one  at  first  to  have  sup^gib^ef^  >ikBX  ^«^  \\»j^ 
been  formed  of  injected  ot  intrusive  rocks. 

o  o  2 
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preserve  over  this  200  miles  of  coast  a  remarkable 
degree  of  umformity  in  direction.  At  the  northeni 
end  of  the  group,  at  Low's  Harbour,  the  well-defined 
folia  of  mica-schist  everywhere  ranged  within  eight 
d^rees  (or  less  than  one  point  of  the  compass)  of 
N.  19°  W.  and  S.  19°  E. ;  and  even  the  point  of  dip 
varied  very  little,  being  always  directed  to  the  west  and 
generally  at  an  angle  of  forty  degrees :  I  should  mention 
that  I  had  here  good  opportunities  of  observation,  for  I 
followed  the  naked  rock  on  the  beach,  transversely  to 
the  strike,  for  a  distance  of  four  miles  and  a  half,  and 
all  the  way  attended  to  the  dip.  Along  the  outer  Islaads 
for  1 00  miles  south  of  Low's  Harbour,  Lieutenant  Stokes, 
daring  his  boat-«ur>'ey,  kindly  obaer\~ed  for  me  the  strike 
of  the  foliation,  and  he  assures  me  that  it  was^  invariably 
Dortherly,  and  the  dip  with  one  single  exception  to  the 
west.  Farther  south  at  Vallenar  Bay,  the  strike  was 
almost  universally  N.  25°  W.  and  the  dip,  generally  at 
an  angle  of  about  40°  to  W.  25°  S^  but  in  some  places 
almost  vertical.  Still  &rther  south,  in  the  aeighboor- 
hood  of  the  harbours  of  Anna  Pink,  S.  Estevan,  and  S. 
Andres,  and  (judging  from  a  distance)  along  the  Eouthem 
part  of  Tres  Montes,  the  foliation  and  cleavage  extended 
in  a  line  between  [N.  U°  to  22°  W.]  and  [S.  IT  to 
22°  E.] ;  and  the  planes  dipped  generally  westerly,  but 
often  easterly,  at  angles  varying  from  a  gentle  inclina- 
tion to  verticaL  At  A.  Pink's  Harbour,  where  the 
schists  generably  dipped  easterly,  wherever  the  angle 
became  high,  the  strike  changed  from  N.  11°  W.  to 
even  as  much  as  N.  45°  W. :  in  an  analogous  maimer 
at  Vallenar  Bay,  where  the  dip  was  westerly  (viz.  on  an 
average  directed  to  W.  25°  S.),  as  soon  as  the  angle 
became  very  high,  the  planes  struck  in  a  line  more 
than  25°  west  of  north.  The  average  result  from  all 
the  observations  on  this  200  miles  of  coast,  is  a  strike  of 
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N.  19"^  W.  and  S.  19**  E. :  considering  that  in  each 
specified  place  my  examination  extended  over  an  area 
of  several  miles,  and  that  Lieut.  Stokes'  observations 
apply  to  a  length  of  100  nules,  I  think  this  remarkable 
uniformity  is  pretty  well  established.  The  prevalence, 
throughout  the  northern  half  of  this  line  of  coast,  of  a 
dip  in  one  direction,  that  is  to  the  west,  instead  of  being 
sometimes  west  and  sometimes  east,  is,  judging  from 
what  I  have  elsewhere  seen,  an  imusual  circiunstance. 
In  Brazil,  La  Plata,  the  Falkland  Islands,  and  Tierra 
del  Fuego,  there  is  generally  an  obvious  relation  be- 
tween the  axes  of  elevation,  the  outline  of  the  coast, 
and  the  strike  of  the  cleavage  or  foliation :  in  the 
Ghonos  Archipelago,  however,  neither  the  minor  details 
of  the  coast-line  nor  the  chain  of  the  Cordillera,  nor 
the  subordinate  transverse  mountain-axes,  accord  with 
the  strike  of  the  foliation  and  cleavage :  the  seaward 
fieuse  of  the  numerous  islands  composing  this  archi- 
pelago, and  apparently  the  line  of  the  Cordillera,  range 
N.  11**  E.,  whereas,  as  we  have  just  seen,  the  average 
strike  of  the  foliation  is  N.  19°  W. . 

There  is  one  interesting  exception  to  the  uniformity 
in  the  strike  of  the  foliation.  At  the  northern  point 
of  Tres  Montes  (lat.  45**  52')  a  bold  chain  of  granite, 
between  2,000  and  3,000  feet  in  height,  runs  from  the 
coast  far  into  the  interior,^  in  a  ESE.  line,  or  more 
strictly  E.  28°  S.  and  W.  28°  N.  In  a  bay,  at  the  north- 
em  foot  of  this  range,  there  are  a  few  islets  of  mica- 
slate,  with  the  folia  in  some  parts  horizontal,  but  mostly 
inclined  at  an  average  angle  of  20°  to  the  north.  On 
the  northern  steep  flank  of  the  range,  there  are  a  few 
patches  (some  quite  isolated,  and  not  larger  than  half-a- 

*  In  the  distance,  other  mountains  could  be  seen  apparently  ranging 
jNNE.  and  SSW.  at  right  angles  to  this  one.     I  may  add,  that  not  far 
Jrom  Vallenar  Bay  there  is  a  fine  range,   apparently  of  gtMiiVfc,  -^^wSa. 
has  burst  through  the  mica-slate  in  a  N£.  by  E.  and.^^ .  \>i  ^.'^i'aft. 
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crown  I)  of  the  mica-Bchist,  foliated  with  the  same 
northerly  dip.  On  the  broad  summit,  as  far  aa  the 
southern  crest,  there  is  much  mica-slate,  in  some  places 
even  400  feet  in  thickness,  with  the  folia  all  dipping 
north,  at  angles  varying  irom  5"  to  20°,  but  sometimes 
mounting  up  to  30".  The  southern  flank  consists  of 
hare  granite.  The  mica-slate  is  penetrated  by  small 
veins '  of  granite,  branching  from  the  main  body. 
Leaving  out  of  view  the  prevalent  strike  of  the  folia  in 
other  parte  of  this  archipelago,  it  might  have  been 
expected  that  here  they  would  have  dipped  N.  28°  E.^ 
that  is  directly  from  the  ridge,  and,  considering  its 
abruptness,  at  a  high  inclination;  but  the  real  dip,  as 
we  have  just  seen,  both  at  the  foot  and  on  the  northern 
flank,  and  over  the  entire  summit,  is  at  a  small  angle, 
and  directed  nearly  due  north.  From  these  considera- 
tions it  occurred  to  me,  that  perhaps  we  here  had  the 
novel  and  curious  case  of  already  inclined  laminae 
obliquely  tilted  at  a  subsequent  period  by  the  granitic 
axis.  Mr.  Hopkins,  so  well  known  from  bis  mathe- 
matical investigations,  has  most  kindly  calculated  the 
problem :  the  proposition  sent  was, — take  a  district 
composed  of  laminas,  dipping  at  an  angle  of  40°  to 
W,  19°  S.,  and  let  an  aais  of  elevation  traverse  it  in  an 
E.  28°  S.  line,  what  will  the  position  of  the  laminas  be 
on  the  northern  flank  after  a  tilt,  we  will  first  suppose, 
of  45°  ?  Mr.  Hopkins  informs  me,  that  the  angle  of 
the  dip  will  be  28°  31',  and  its  direction  to  north 
30°  33'  west.'     By  varying  the  supposed  angle  of  the 

'  Thegranitewitlib  those  Teina,  tuwellm  generulljat  thejuDction< 
with  the  niica-Blat*,  is  more  quartzoso  than  elsewhere.  TtiB  granile,  I 
may  add,  ia  traTersed  bj  dikes  ruDDing  for  a  very  great  length  in  the 
line  of  thp  mouDtaina;  they  ore  composed  of  a  Bomewhat  laminated 
euril*.  containing  crystals  of  feldspar,  hornblende,  and  octagons  of  qnarti. 

'  On  the  south  side  of  the  axis  (where,  however,  I  did  not  see  any 
mica-slate)  the  dip  of  the  folia  would  be  at  anangleof77°S5',  directed  to 
west  36°  33'  Boutn.     Hence  the  two  point*  of  dip  on  the  opposite  aideii 
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tilt,  our  previously  inclined  folia  can  be  thrown  into 
any  angle  between  26^,  which  is  the  least  possible  angle, 
and  90° ;  but  if  a  small  inclination  be  thus  given  to 
them,  their  point  of  dip  will  depart  far  from  the  north, 
and  therefore  not  accord  with  the  actual  position  of  the 
folia  of  mica-schist  on  our  granitic  range.  Hence  it  ap- 
pears very  difl&cult,  without  varying  considerably  the  ele- 
ments of  the  problem,  thus  to  explain  the  anomalous  strike 
and  dip  of  the  foliated  mica-schist,  especially  in  those 
parts,  namely,  at  the  base  of  the  range,  where  the  folia 
are  almost  horizontal.  Mr.  Hopkins,  however,  adds, 
that  great  irregularities  and  lateral  thrusts  might  be 
expected  in  every  great  line  of  elevation,  and  that  these 
would  account  for  considerable  deviations  from  the 
calculated  results :  considering  that  the  granitic  axis, 
as  shown  by  the  veins,  has  indisputably  been  injected 
after  the  perfect  formation  of  the  mica-slate,  and  con- 
sidering the  uniformity  of  the  strike  of  the  folia  through- 
out the  rest  of  the  archipelago,  I  cannot  but  still  think 
that  their  anomalous  position  at  this  one  point  is  some- 
way directly  and  mechanically  related  to  the  intrusion 
of  this  WNW.  and  ESE.  mountain-chain  of  granite. 

Dikes  are  frequent  in  the  metamorphic  schists  of  the 
Chonos  Islands,  and  seem  feebly  to  represent  that  great 
band  of  trappean  and  ancient  volcanic  rocks  on  the 
south-western  coast  of  T.  del  Fuego.  At  S.  Andres  I 
observed  in  the  space  of  half-a-mile,  seven  broad,  parallel 
dikes,  composed  of  three  varieties  of  trap,  running  in  a 
NW.  and  SE.  line,  parallel  to  the  neighbouring  moun- 
tain-ranges of  altered  clay-slate ;  but  they  must  be  of 
long  subsequent  origin  to  these  mountains ;  for  they 
intersected  the  volcanic  foimation  described  in  the  last 
chapter.     North  of  Tres  Montes,  I  noticed  three  dikes 

of  the  range,  instead  of  being  as  in  ordinary  cases  directly  opposed  to 
each  other  at  an  angle  of  180°,  would  here  be  only  86°  50'  apart 


differing  &om  each  other  in  composition,  one  of  them 
having  an  euritic  base  including  large  octagons  of 
quartz;  these  dikcH,  as  well  as  several  of  porphyritic 
greenstone  at  Vallenar  Bay,  extended  NE.  and  SW., 
Dearly  at  right  angles  to  the  foliation  of  the  schists, 
but  in  the  line  of  their  joints.  At  Low's  Harbour, 
however,  a  aet  of  great  parallel  dikes,  one  ninety  yards 
And  another  sixty  yards  in  width,  have  been  guided  by 
ilie  foliation  of  the  mica-schist,  and  hence  are  inclined 
westward  at  an  angle  of  45° :  these  dikes  are  formed  of 
TarioiiH  porphyritic  traps,  some  of  which  are  remarkable 
^  from  containing  numerous  rounded  grains  of  quartz. 
A  porpliyritic  trap  of  this  latter  kind,  passed  in  one  of 
the  dikes  into  a  moat  curious  hornatone,  perfectly  white, 
with  a  waxy  fraeture  and  pelUieid  edj;efl,  fusible,  and 
containing  many  grains  of  quartz  and  specks  of  iron 
P3rrites.  In  the  ninety  yard  dike  several  large,  appa- 
rently now  quite  isolated,  fragments  of  mica-slate  were 
embedded ;  but  as  their  foliation  was  eiEactly  parallel 
to  that  of  the  surrounding  solid  rock,  no  doubt  these 
now  separate  ftf^^ents  originally  formed  wedge-shaped 
depending  portions  of  a  continuous  vault  or  cruet, 
once  extending  over  the  dike,  but  since  worn  down  and 
denuded. 

CkUoe,  Valdivia,  Ctmcqodon. — In  Chiloe,  a  great 
formation  of  mica-schist  strikingly  resembles  that  of 
the  Ghonoa  Islands.  For  a  space  of  eleven  miles  on 
the  SE.  coast,  the  folia  were  very  distinct,  tbougli 
slightly  convoluted,  and  ranged  within  a  point  of  NNW. 
and  SSE.,  dipping  either  ENE.  or  more  commonly 
WSW.,  at  an  average  angle  of  22°  (in  one  spot,  however, 
at  60°),  and  therefore  decidedly  at  a  lesser  inclination 
than  amongst  the  Chonos  Islands.  On  the  west  and 
north-western  shores,  the  foliation  was  often  obscure, 
though,  where  best  defined,  it  ranged  within  a  point  of 
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N.  by  W.  and  S.  by  E.,  dipping  either  easterly  or 
westerly,  at  varying  and  generally  very  small  angles. 
Hence,  from  the  southern  part  of  Tres  Montes  to  the 
northern  end  of  Chiloe,  a  distance  of  300  miles,  we 
have  closely  allied  rocks  with  their  folia  striking  on  an 
average  in  the  same  direction,  namely,  between  N.  11** 
and  22®  W.  Again,  at  Valdivia,  we  meet  with  the 
same  mica-schist,  exhibiting  nearly  the  same  minera- 
logical  passages  as  in  the  Chonos  Archipelago,  often, 
however,  becoming  more  ferruginous,  and  containing 
80  much  feldspar  as  to  pass  into  gneiss.  The  folia  were 
generally  well  defined ;  but  nowhere  else  in  South 
America  did  I  see  them  varying  so  much  in  direction : 
this  seemed  chiefly  caused  by  their  forming  parts,  as  I 
could  sometimes  distinctly  trace,  of  large  flat  curves : 
nevertheless,  both  near  the  settlement  and  towards  the 
interior,  a  NW.  and  SE.  strike  seemed  more  frequent 
than  any  other  direction ;  the  angle  of  the  dip  was 
generally  small.  At  Concepcion,  a  highly  glossy  clay- 
slate  had  its  cleavage  often  slightly  curvilinear,  and 
inclined,  seldom  at  a  high  angle,  towards  various  points 
of  the  compass ;  ^  but  here,  as  at  Valdivia,  a  NW.  and 

*  I  observed  in  some  parts  that  the  tops  of  the  laminae  of  the  clay- 
slate  {b  of  the  diagram)  under  the  superficial  detritus  and  soil  {a)  wore 
bent,  sometimes  without  being  broken,  ^     «q 

as  represented  in  the  accompanying 
diagram,  which  is  copied  from  one  given 
b^  tfir  H.  Do  la  Becho  (p.  42,  *  Geolo- 
gical Manual ')  of  an  exactly  similar 
phenomenon  in  Devonshire.  Mr.  R.  A. 
C.  Austen,  also,  in  his  excellent  paper 
on  S.E.  Devon  ('  Geolog.  Transact.'  vol. 

Ti.  p.  437),  has  described  this  phenomenon  ;  he  attributes  it  to  the  action 
of  frosts,  but  at  the  same  time  doubts  whether  the  frosts  of  the  present 
day  penetrate  to  a  sufficient  depth.  As  it  is  known  that  earthquakes 
particularly  affect  tlio  surface  of  the  ground,  it  occurred  to  me  that  this 
appearance  might  perhaps  be  due,  at  least  at  Concepcion,  to  their  fre- 
quent occurrence ;  the  superficial  layers  of  detritus  being  either  jerked 
in  one  direction,  or,  where  the  surface  was  inclined,  pushed  a  little  down- 
wards during  each  strong  vibration.    In  North  Wales  I   have  seen  a 
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8E.  Btriko  aenned  to  be  the  most  frequent  odc  In 
cnrtain  )ipot«  targe  quartz  veios  were  numerouB.  and 
ucar  them,  the  clnrage,  as  wa^  the  case  with  the  folia- 
lion  of  the  HChists  is  the  Cbonos  Archipelago,  became 
extrtimvly  torluuiu. 

At  the  uortheni  ond  of  Quiriquina  Idand,  is  the 
Bay  rif  Concept ioQ,  at  least  eight  rudely  parallel  dikes, 
whicli  have  been  gaidod  to  a  certain  extent  by  tl>e 
cleavage  of  tbo  elat«,  occur  within  the  space  of  a  quarter 
of  a  mii<!.  They  vary  much  in  competition,  resembling 
in  many  re«pectji  the  dikes  at  Low's  Harbour:  the 
greater  Duinber  coDnixt  of  f^ldvpathic  porphyries,  some- 
timeti  containing  grains  of  quartz :  one,  however,  was 
black  and  brilliant,  like  an  augitic  rock,  but  really 
forrrn'il  '»f  f'Odspar;  utlifrs  tjf  ti  foldspatliit;  nature  were 
perfectly  white,  with  either  an  eartlily  or  crystalline 
fracture,  and  including  grains  and  regular  octagons  of 
quartz ;  thcHc  white  varieties  passed  into  ordinary  green- 
stones. Although,  both  here  and  at  Low's  Harbour^ 
the  nature  of  the  rock  varied  considerably  in  &e  same 
dike,  yet  I  cannot  but  think  that  at  these  two  places 
and  in  other  parts  of  tlie  Chonos  group,  where  the  dikes, 
though  close  to  each  other  and  running  parallel,  are  of 
diHerent  composition,  that  they  must  have  been  formed 
at  different  periods.  In  the  case  of  Quiriquina  this  is  a 
ratlicr  interesting  conclusion,  for  these  eight  parallel 
dikes  cut  tlurough  the  metamorphic  schists  in  a  NW. 
and  SE.  line,  and  since  their  injection  the  overlying 
cretaceous  or  tertiary  strata  have  been  tilted  (whilst 
still  under  the  sea)  from  a  NW'.  by  N.  and  SE.  by 
S.  line ;   and   again,  during  the   great   earthquake  of 


Mmewhnt  Hnalogous  but  lets  regular  appearance,  though  od  b  greater 
vcale  ('  LoQilon  Phil.  Mng.'  rol.  iii.  p.  184),  and  produced  bj  a  quite 
iliflBreutcBuae.  DHmelj,  by  the  ttraDding  of  gteat  icel»rgii ;  this  latUt 
nppeamncu  hns  olio  twou  observed  in  North  America, 
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February  1835,  the  groiind  in  this  neighbourhood  was 
fissured  in  NW.  and  SE.  lines ;  and  from  the  manner  in 
which  buildings  were  thrown  down,  it  was  evident  that 
the  sur&ce  undulated  in  this  same  direction.^ 

CerUral  and  Northern  Chile. — Northward  of  Con- 
cepcion,  as  far  as  Copiapo,  the  shores  of  the  Pacific 
consist,  with  the  exception  of  some  small  tertiary  basins, 
of  gneiss,  mica-schist,  altered  clay-slate,  granite,  green- 
stone and  syenite :  hence  the  coast  from  Tres  Montes. 
to  Copiapo,  a  distance  of  1,200  miles,  and  I  have  reason 
to  believe  for  a  much  greater  space,  is  almost  similarly 
constituted. 

Near  Valparaiso  the  prevailing  rock  is  gneiss,, 
generally  including  much  hornblende:  concretionary 
balls  formed  of  feldspar,  hornblende  and  mica,  from 
two  to  three  feet  in  diameter,  are  in  very  many  places 
conformably  enfolded  by  the  foliated  gneiss:  veins 
of  quartz  and  feldspar,  including  black  schorl  and  well- 
crystallised  epidote,  are  numerous.  Epidote  likewise 
occurs  in  the  gneiss  in  thin  layers,  parallel  to  the  folia- 
tion of  the  mass.  One  large  vein  of  a  coarse  granitic 
character  was  remarkable  from  in  one  part  quite 
changing  its  character,  and  insensibly  passing  into  a 
blackish  porphyry,  including  acicular  crystals  of  glassy 
feldspar  and  of  hornblende :  I  have  never  seen  any  other 
such  case.^ 

I  shall  in  the  few  following  remarks  on  the  rocks  of 
Chile  allude  exclusively  to  their  foliation  and  cleavage. 
In  the  gneiss  round  Valparaiso  the  strike  of  the  foliation 
is  very  variable,  but  I  think  about  N.  by  W.  and  S.  by 

*  ♦  Geolog.  Trans.*  vol.  vi.  pp.  602  and  617.  'Journal  of  Researches  * 
(2nd  edit.)  p.  307. 

*  Humboldt  (*  Personal  Narrative,*  vol.  iv.  p.  60)  has  described  with 
much  surprise,  concretionary  balls,  with  concentric  divisions,  composed 
of  partially  vitreous  feldspar,  hornblende,  and  garnets,  included  within 
great  veins  of  gneiss,  which  cut  across  the  mica-slate  near  Venezuela. 
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E.  i»  t)ie  commonest  direction  ;  this  likewise  holds  good 
with  tlie  cleavage  of  the  altered  feldspatliic  clay-slates, 
occanionally  met  with  on  the  coast  for  ninety  miles  north 
of  ViilpanitMi.  Some  feldspathic  slate,  alternating  with 
strata  rf  claj-«ton(j  poqihyry  in  the  Bell  of  Quillota 
and  at  Jajuel,  and  therefore,  perhaps,  belonging  to  a 
lat^^r  p(;ri<>d  tlinn  the  metamorpbic  schista  on  the  coast, 
cleaved  in  tliin  mime  direction.  In  the  Eastern  Cordillera, 
in  the  I'ortiUo  Paaa,  there  ia  a  grand  mass  of  mica- 
ulntc,  foliated  in  a  north  and  south  line,  and  with  a 
hij^h  westerly  dip :  in  the  Uspallata  range,  clay-slate 
and  grauwacke  have  a  highly  inclined,  nearly  north  and 
Mouth  cleavage,  though  in  some  parta  the  strike  is  irregu- 
lar :  in  the  main  or  Cumbre  range,  the  direction  of  the 
.■Iciivjiyi:  111  \\\<-  fddspiitliic  cliy-Mliili-  (s  NW.  and  SE. 

Between  Coquimbo  and  Guasco  there  are  two  coft- 
siderable  formations  of  mica-slate,  in  one  of  which  the 
rock  passed  sometimes  into  common  clay-slate  and  aome- 
times  into  a  glossy  black  variety,  very  like  that  in  the 
Chonos  Archipelago.  The  folia  and  cleavage  of  these 
rocks  ranged  between  [N.  and  NW.  by  N.]  and  [S.  and 
SW.  by  S.]  Near  the  Port  of  Guasco  several  varieties 
of  altered  clay-slate  have  a  quite  irregular  cleavage. 
Between  Guasco  and  Copiapo,  there  are  some  siliceous 
and  talcaceoua  slates  cleaving  in  a  north  and  south  line, 
with  an  easterly  dip  of  between  60°  and  70° :  high  up, 
also,  the  main  valley  of  Copiapo,  there  is  mica-slate 
with  a  high  easterly  dip.  In  the  whole  space  between 
Valparaiso  and  Copiapo  an  easterly  dip  is  much  more 
1  than  an  opposite  or  westerly  one. 


Concluding  Remarks  on  CUavage  and  Foliation. 

In  this  southern  part  of  the  Southern  Hemisphere, 
we  have  seen  that  the  cleavage-laminie  range  over  wide 
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areas  with  remarkable  uniformity,  cutting  straight 
through  the  planes  of  stratification,'  but  yet  being 
parallel  in  strike  to  the  main  axes  of  elevation,  and 
generally  to  the  outlines  of  the  coast.  The  dip,  how- 
ever, is  ai  variable,  both  in  angle  and  in  direction  (that 
is,  sometimes  being  inclined  to  the  one  side  and  some- 
times to  the  directly  opposite  side),  as  the  strike  is- 
uniform.  In  all  these  respects  there  is  a  close  agree- 
ment with  the  facts  given  by  Professor  Sedgwick  in  his 
celebrated  memoir  in  the  *  Geological  Transactions,'  and 
by  Sir  E.  I.  Murchison  in  his  various  excellent  dis- 
cussions on  this  subject.  The  Falkland  Islands,  and 
more  especially  Tierra  del  Fuego,  offer  striking  instances- 
of  the  lines  of  cleavage,  the  principal  axes  of  elevation, 
and  the  outlines  of  the  coast,  gradually  changing 
together  their  courses.  The  direction  which  prevails- 
throughout  Tierra  del  Fuego  and  the  Falkland  Islands,, 
namely,  from  west  with  some  northing  to  east  with 
some  southing,  is  also  common  to  the  several  ridges  in- 
northern  Patagonia  and  in  the  western  parts  of  Banda 
Oriental :  in  this  latter  province,  in  the  Sierra  Tapalguen, 
and  in  the  western  Falkland  Island,  the  W.  by  N.,  or 
WNW.  and  ESE.,  ridges,  are  crossed  at  right  angles  by 
others  ranging  NNE.  and  SSW. 

The  fact  of  the  cleavage-laminse  in  the  clay-slate  of 
Tierra  del  Fuego,  wliere  seen  cutting  straight  through 
the  planes  of  stratification,  and  where  consequently 
there  could  be  no  doubt  about  their  nature,  differing 
slightly  in  colour,  texture,  and  hardness,  appears  to  me 
very  interesting.  In  a  tliick  mass  of  laminated,  feld- 
spathic  and  g^ltered  clay-slate,  interposed  between  two 

*  In  my  paper  on  the  Falkland  Islands  (vol.  iii.  p.  267  'Geological 
Journal '),  I  have  given  a  curious  case  on  the  authority  of  Capt.  Sulivan, 
R,N.,  of  much  folded  beds  of  clay-slate,  in  some  of  which  the  cleavage  is 
perpendicular  to  the  horizon,  and  in  others  it  is  perpendicular  to  each, 
curvature  or  fold  of  the  bed :  this  appears  a  new  case. 


4^2  Cleavage  and  Foliation.  PAiir  u. 

great  strata  of  porphyritic  coi^lomeTate  in  central 
Chile,  and  wliere  tl}cre  could  be  but  little  doubt  nbaat 
the  bedding,  I  observed  similar  slight  differences  in  com- 
position, and  likewise  some  distinct  thin  layers  of 
cpidotc,  parallel  to  the  higldy  inclined  cleavage  of  the 
mOMi.  Again,  I  incidentally  noticed  in  North  Wales,' 
wlirre  glaciers  had  pa^ed  over  the  truncated  edges  of 
the  highly  inclined  laminse  of  clay-elate,  that  the  surface, 
though  smooth,  was  worn  into  small  parallel  undula- 
tions, caused  by  tlie  component  laminiB  being  of  slightly 
•different  degrees  of  liardness.  With  reference  to  tlie 
slates  of  North  Wales,  Professor  Sedgwick  describes  the 
planes  of  cleavage,  as  '  coated  over  with  chlorite  aitd 
semi-crystalline  matter,  which  not  only  merely  define  the 
pkneH  in  qii..'=tinii,  Imt  strik.-  in  parallel  flaki^e  tliri-iigh 
the  whole  mass  of  the  rock.'*  In  some  of  those  glossy 
and  hard  varieties  of  clay-slate,  which  may  often  be 
seen  passing  into  mica-schist,  it  has  appeared  to  me  that 
the  cleavage-planes  were  formed  of  eicessively  thin, 
generally  slightly  convoluted,  folia,  composed  of  micro- 
scopically minute  ncales  of  mica.  From  these  several 
facts,  and  more  especially  from  the  case  of  the  clay- 
slate  in  Tierra  del  Fuego,  it  must,  I  think,  be  con- 
cluded, that  the  same  power  which  has  impressed  on  the 
slate  its  fissile  structure  or  cleavage  has  tended  to 
modify  its  mineralogical  character  in  parallel  planes. 

Let  ua  now  turn  to  the  foliation  of  the  metamor- 
phic  schists,  a  subject  which  has  been  much  less  at- 
tended to.  As  in  the  case  of  cleav^;e-laminje,  the  folia 
preserve  over  very  large  areas  a  uniform  strike :  thus 
Humboldt'  found  for  a  distance  of  300  miles  in  Vene- 
zuela, and  indeed  over  a  much  larger  space,  gneiss, 

'  '  London  Phil.  Mtut.'  toI.  xri.  p.  182. 

'  'Geological  Tmna.'Tol.iii.  p.  *7l. 

'  'Peraonal  Nftcraliva,' vol.  n.  p.  S91,  et  Beq, 
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granite,  mica,  and  clay-slate,  striking  very  uniformly 
NE.  and  SW.,  and  dipping  at  an  angle  of  between  60^ 
and  70°  to  NW. :  it  would  even  appear  from  the  facts 
given  in  this  chapter,  that  the  metamorphic  rocks 
throughout  the  north-eastern  part  of  S.  America  are 
generally  foliated  within  two  points  of  NE.  and  SW. 
Over  the  eastern  parts  of  Banda  Oriental,  the  foliation 
strikes  with  a  high  inclination,  very  uniformly  NNE.  to 
SSW.,  and  over  the  western  parts,  in  a  W.  by  N.  and 
E.  by  S.  line.  For  a  space  of  300  miles  on  the  shores 
of  the  Chonos  and  Chiloe  Islands,  we  have  seen  that  the 
foliation  seldom  deviates  more  than  a  point  of  the  com- 
pass from  a  N.  19°  W.  and  S.  19°  E.  strike.  As  in  the 
ease  of  cleavage,  the  angle  of  the  dip  in  foliated  rocks 
is  generally  high  but  variable,  and  alternates  from  one 
side  of  the  line  of  strike  to  the  other  side,  sometimes 
being  vertical :  in  the  northern  Chonos  Islands,  however, 
the  folia  are  inclined  almost  always  to  the  west ;  in 
nearly  the  same  manner,  the  cleavage-laminsB  in 
southern  Tierra  del  Fuego  certainly  dip  much  more  fre- 
quently to  SSW.  than  to  the  opposite  point.  In 
-eastern  Banda  Oriental,  in  parts  of  Brazil  and  in  some 
other  districts,  the  foliation  runs  in  the  same  direction 
with  the  mountain-ranges  and  adjoining  coast-lines: 
amongst  the  Chonos  Islands,  however,  this  coincidence 
fails,  and  I  have  given  my  reasons  for  suspecting 
that  one  granitic  axis  has  burst  through  and  tilted  the 
already  inclined  folia  of  mica-schist :  in  the  case  of 
cleavage,^  the  coincidence  between  its  strike  and  that 
of  the  main  stratification  seems  sometimes  to  fail. 
Foliation  and  cleavage  resemble  each  other  in  the  planes 
winding  round  concretions,  and  in  becoming  tortuous 

*  Cases  are  given  by  Mr.  Jukes,  in  his  *  Geology  of  Newfoundland/ 
130. 


where  veins  of  quartz  abound.'  Od  the  flanks  of  the 
mountains  both  in  Tierra  del  Fuego  and  in  other 
countries,  I  have  observed  that  the  cleavage-planes  fre- 
quently dip  at  a  liigh  angle  iavards ;  and  this  was  long 
ago  obsened  by  \'on  Buch  to  be  the  case  in  Xorway : 
this  fact  in  pcrliapf>  aaal<^ouB  to  the  folded,  fan-like  or 
radiating  structure  in  the  metamorphic  schists  of  the 
Alps,'  in  which  the  folia  in  the  central  creste  are  vertical 
and  on  the  two  flanks  inclined  inwards.  Where  masses 
of  fissile  and  foliated  rocks  alternate  together,  the  cleav- 
age and  foliation,  in  all  cases  which  I  have  seen,  are 
parallel.  Where  in  one  diatrict  the  rocks  ore  fissile> 
and  in  another  adjoining  district  they  are  foliated,  the 
planes  of  cleavage  and  foliation  are  likewise  generally 
paralld :  this  U  the  ca?e  with  the  feldspatliio  homo- 
geneous slates  in  the  southern  part  of  the  Chonos  group, 
compared  with  the  fine  foliated  mica-schistfi  of  the 
northern  part;  so  again  the  clay-slate  of  the  whole 
eastern  side  of  Tierra  del  Fuego  cleaves  in  exactly  the 
same  line  with  the  foliated  gneiss  and  mica-slate  of  the 
western  coast;  other  analogous  instancesmight  have  been 
adduced.* 

With  respect  to  the  origin  of  the  folia  of  quartz, 
mica,  feldspar,  and  other  minerals  composing  the  meta- 
morphic schists.  Professor  Sedgwick,  Mr.  Lyell  and 
most  authors  beUeve,  that  the  constituent  parts  of  each 
layer  were  separately  deposited  as  sediment,  and  then 

'  I  bare  Been  in  Brazil  and  Chile  concretions  Uiui  enfolded  b;  foli- 
ated gneiss  ;  and  Mncculloch  ('  HigblandB,'  ral.  i.  p.  64)  has  descnbed  a 
rimilnr  rase.  For  aDBlot;ona  raata  in  clay-slate,  see  Prof.  HensloVs 
Memoir  in  '  Cambridge  Pbit.  Tcans.'  vol,  i.  p.  379.  and  Maccutloch's 
'  Clans,  of  Roi^lu,'  p.  351.  With  reepeot  to  both  foliation  and  cleavage 
becoming  tortuous irhere  quartz-veins  abound,  Ibave  seen  inatancea  near 
Hanto  Video,  at  Concepcioa,  and  in  the  Chnnoa  Islands.  See  also  Mr. 
Oreenonfrh's  '  Critical  Examination,'  p,  78. 

'  SluJcr  in  '  EdiD.  Now  Phil.  Journal,'  vol.  niii.  p.  14*. 

'  I  have  give  D  a  casa  in  Australia.    SeeChapt«r  VII.  of  this  vork. 
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metamorphosed.  This  view,  in  the  majority  of  cases,  I 
believe  to  be  quite  untenable.  In  those  not  uncommon 
instances,  where  a  mass  of  clay-slate,  in  approaching 
granite,  gradually  passes  into  gneiss,^  we  clearly  see 
that  folia  of  distinct  minerals  can  originate  through  the 
metamorphosis  of  a  homogeneous  fissile  rock.  The  de> 
position,  it  may  be  remarked,  of  numberless  alternations 
of  pure  quartz,  and  of  the  elements  of  mica  or  feldspar 
does  not  appear  a  probable  event.*  In  those  districts 
in  which  the  metamorphic  schists  are  foliated  in  planes 
parallel  to  the  cleavage  of  the  rocks  in  an  adjoining 
district,  are  we  to  believe  that  the  folia  are  due  to 
sedimentary  layers,  whilst  the  cleavage-laminae,  though 
parallel,  have  no  relation  whatever  to  such  planes  of 
deposition  ?  On  this  view,  how  can  we  reconcile  the 
vastness  of  the  areas  over  which  the  strike  of  the  folia- 
tion is  uniform,  with  what  we  see  in  disturbed  districts 
composed  of  true  strata  :  and  especially,  how  can  line 
understand  the  high  and  even  vertical  dip  throughout 
many  wide  districts,  which  are  not  mountainous,  and 
throughout  some,  as  in  western  Banda  Oriental,  which 
are  not  even  hilly?  Are  we  to  admit  that  in  the 
northern  part  of  the  Chonos  Archipelago,  raica-slate  was 
first  accumulated  in  parallel  horizontal  folia  to  a  thick- 
ness of  about  foiu-  geographical  miles,  and  then  upturned 
at  an  angle  of  forty  degrees ;  whilst,  in  the  southern 
part  of  this  same  archipelago,  the  cleavage-laminae 
of  closely  allied  rocks,  which  none  would  imagine  had 
ever  been  horizontal,  dip  at  nearly  the  same  angle,  to 
nearly  the  same  point  ? 

Seeing,  then,  that  foliated  schists  indisputably  are 

*  I  have  described  (in  Chapter  VII.  of  this  work)  a  good  instance  of 
such  a  passage  at  the  Capo  of  Good  Hope. 

*  See  some  excellent  remarks  on  tliis  subject ,  in  D'Aubuisson's 
*  Trait6  do  G^og.' torn.  i.  p.  297-  Also,  some  remarks  by  Mr.  DaTi&  \^ 
Silliman's  'American  Journ.'  toI.  xlv.  p.  lOS. 
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Bometimes  produced  by  the  roetamorphogis  of  homo- 
geaeoue  fissile  rocks ;  seeing  that  foliation  and  cleavage 
ajG  BO  closely  analogoiiB  in  the  several  above-enumerated 
reiipect«;  seeing  that  eome  fissile  and  almost  homo- 
geneous rocks  show  incipient  mineralogical  changes 
along  the  planes  of  tbeir  cleavage,  and  that  other  rockn 
with  a  fissile  structure  alternate  with,  and  pass  into 
varieties  with  a  foliated  structure,  I  cannot  doubt  that 
in  most  cases  foliation  and  cleavage  are  part«  of  the 
«amt:  process  :  in  cleavage  there  being  only  an  incipient 
separation  of  the  constituent  minerals ;  in  foliation  a 
much  more  complete  separation  and  crystallisation. 

The  feet  often  referred  to  in  this  chapter,  of  the 
foliation  and  the  so-called  strata  in  the  metamorphic 
eerie?, — that  is,  the  alternating  mas.-ics  of  different 
varieties  of  gneiss,  mica>Bchist,  and  homblende-date, 
&a. — being  parallel  to  each  other,  at  Brst  appears  quite 
opposed  to  the  view,  that  the  folia  have  no  relation  to 
the  planes  of  original  deposition.  Where  the  so-called 
beds  are  not  very  thick  and  of  widely  different  minera^ 
logical  composition  &om  each  other,  I  do  not  think  that 
tJiere  is  any  difficulty  in  supposing  that  they  have 
originated  in  an  analogous  manner  with  the  separate 
folia.  We  should  bear  in  mind  what  thick  strata, 
is  ordinary  sedimentary  masses,  have  obviously  been 
formed  by  a  concretionary  process.  In  a  pile  of  volcanic 
rocks  on  the  Island  of  Ascension,  there  are  strata,  differ- 
ing quite  as  much  in  appearance  as  the  ordinary 
varieties  of  the  metamorphic  schists,  which  undoubtedly 
have  been  produced,  not  by  successive  Sowings  of  lava, 
but  by  internal  molecular  changes.  Near  Monte  Video, 
where  the  stratification,  as  it  would  be  called,  of  the 
metamorphic  series  is,  in  most  parts,  particularly  well 
developed,  being  as  usual,  parallel  to  the  foliation,  we 
2>sve  seen  that  a  maaa  of  chloritic  schist,  netted  with 
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quaitz-yeins,  is  entangled  in  gneiss,  in  such  a  manner  as 
to  show  that  it  had  certainly  originated  in  some  pro* 
cess  of  segregation :  again,  in  another  spot,  the  gneiss 
tended  to  pass  into  homblendic  schist  by  alternating 
with  layers  of  quartz ;  but  these  layers  of  quartz  almost 
certainly  had  never  been  separately  deposited,  for  they 
were  absolutely  continuous  with  the  numerous  intersect- 
ing veins  of  quartz.  I  have  never  had  an  opportunity  of 
tracing  for  any  distance,  along  the  line  both  of  strike 
and  of  dip,  the  so-called  beds  in  the  metamorphic 
schists,  but  I  strongly  suspect  that  they  would  not  be 
found  to  extend  with  the  same  character,  very  £Ekr  in  the 
line  either  of  their  dip  or  strike.  Hence  I  am  led  to 
believe,  that  most  of  the  so-called  beds  are  of  the  nature 
of  complex  folia,  and  have  not  been  separately  de- 
posited. Of  course,  this  view  cannot  be  extended  to 
ihidk  masses  included  in  the  metamorphic  series,  which 
are  of  totally  different  composition  from  the  adjoining 
schists,  and  which  are  far  extended,  as  is  sometimes  the 
case  with  quartz  and  marble  ;  these  must  generally  be 
of  the  nature  of  true  strata.^  Such  strata,  however, 
will  almost  always  strike  in  the  same  direction  with  the 
folia,  owing  to  the  axes  of  elevation  being  in  most 
countries  parallel  to  the  strike  of  the  foliation ;  but 
they  will  generally  dip  at  a  different  angle  from  that  of 
the  foliation ;  and  the  angle  of  the  foliation  in  itself 
almost  always  varies  much :  hence,  in  crossing  a  meta- 
morphosed schistose  district,  it  would  require  especial 
attention  to  discriminate  between  true  strata  of  depo- 
sition and  complex  foliated  masses.  Tlie  mere  presence 
of  true  strata  in  the  midst  of  a  set  of  metamorphic 
schists,  is  no  argument  that  the  foliation  is  of  sedimen- 

»  Macculloch  states  (*  Classification  of  Rocks/  p.  364)  that  primary 
limestones  are  often  found  in  irregular  masses  or  great  noduLoa,  *  ^Viy^vl 
can  scarcely  be  said  to  possess  a  stratified  shape  \  * 
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tary  origin,  vithout  it  be  further  shown  in  each  ease, 
that  the  folia  aot  only  strike,  but  dip  throughout  in 
parallel  plflncB  with  those  of  the  true  strati  ft  cat  ioD. 

As  in  some  caaes  it  appears  that  where  a  jissilc  rock 
haa  been  exposed  to  partial  metamorpbic  action,  for 
instance  from  the  irruption  of  granite,  the  foliation  haa 
supervened  on  the  already  existing  cleavage-planes ;  bo 
perhapfl  in  nome  instances,  the  foliation  of  a  rock  may 
have  been  determined  by  the  original  planes  of  deposi- 
tion or  of  oblique  current-larainip:  I  have,  however, 
myself,  never  seen  such  &  case,  and  I  must  maintain  that 
in  most  extensive  metamorphic  areas,  the  foliation  is 
the  extreme  result  of  that  process,  of  which  cleavage 
is  the  6rst  effect.  That  foliation  may  arise  without  any 
previous  struftural  arrani^eirieut  in  fl]e  mas^i,  we  may 
infer  from  injected,  and  therefore  once  liquefied,  rocks, 
both  of  volcanic  and  plutonic  origin,  sometimes  having  a 
'  grain '  (as  expressed  by  Professor  Sedgwick),  and  some- 
times being  composed  of  distinct  folia  or  laminse  of  dif- 
ferent compositions.  In  the  earlier  chapters  of  the  pre* 
sent  work,  I  have  given  several  instances  of  this  etmc- 
ture  in  volcanic  rocks,  and  it  is  not  uncommonly  seen  in 
plutonic  masses — thus,  in  the  Cordillera  of  Chile,  these 
are  gigantic  moimtain-like  masses  of  red  granite,  which 
have  been  injected  whilst  liquefied,  and  which  neverthe- 
leflB,  display  in  parts  a  decidedly  laminar  structure.' 

Finally,  we  have  seen  tliat  the  planes  of  cleavage 
and  of  foliation,  that  is,  of  the  incipient  process  and  of 
the  final  result,  generally  strike  parallel  to  the  principal 

'  A»  remacteJ  in  a  fonnor  prt  of  tliia  chnpter,  I  easpect  that  thB 
boldly  conical  moanUinii  of  ^eisB'granite,  nenr  Kin  de  Janeiro,  in 
nhich  tbe  coattituent  minerals  aio  arranged  in  pniiillel  plunes.  are  of 
inlruBire  origin.  We  must  not,  however,  forget  the  lesson  of  CAotioD 
tAURht  by  the  cniioua  clajr-stono  porphjiics  of  Port  Desire,  in  which 
iro  hnre  seen  that  tha  brealtiDg  up  anil  aggregation  of  a  Uiinl?  strattfled 
rnfacMQB  maw,  has  yielded  a  rock  semi -porphyri tic  with  cryslals  of  &ld- 
fpoT,  arranged  \a  the  plan«a  nl  anneal  de^ition. 
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Axes  of  elevation,  and  to  the  outline  of  the  land :  the 
strike  of  the  axes  of  elevation  (that  is,  of  the  lines  of 
fissures  with  the  strata  on  their  edges  upturned),  ac- 
cording to  the  reasoning  of  Mr.  Hopkins,  is  determined 
by  the  form  of  the  area  undergoing  changes  of  level, 
and  the  consequent  direction  of  the  lines  of  tension  and 
fissure.  Now,  in  that  remarkable  pile  of  volcanic  rocks 
at  Ascension,  which  has  several  times  been  alluded  to 
(and  in  some  other  cases),  I  have  endeavoured  to  show,^ 
that  the  lamination  of  the  several  varieties,  and  their 
Alternations,  have  been  caused  by  the  moving  mass,  just 
before  its  final  consolidation,  having  been  subjected  (as 
in  a  glacier)  to  planes  of  diiTerent  tension  ;  this  difier- 
'ence  in  the  tension  affecting  the  crystalline  and  concre- 
tionary processes.  One  of  the  varieties  of  rock  thus 
produced  at  Ascension,  at  first  sight,  singularly  resembles 
a  fine-grained  gneiss  ;  it  consists  of  quite  straight  and 
parallel  zones  of  excessive  tenuity,  of  more  and  less 
<;oloured  crystallised  feldspar,  of  distinct  crystals  of 
quartz,  diopside,  and  oxide  of  iron.  These  considera- 
tions, notwithstanding  the  experiments  made  by  Mr. 
■Fox,  showing  the  influence  of  electrical  currents  in  pro- 
ducing a  structure  like  that  of  cleavage,  and  notwith- 
.standing  the  apparently  inexplicable  variation,  both  in 
the  inclination  of  the  cleavage-laminse  and  in  their  dip- 
ping first  to  one  side  and  then  to  the  other  side  of  the  line 
of  strike,  lead  me  to  suspect  that  the  planes  of  cleavage 
and  foliation  ai*e  intimately  connected  with  the  planes 
of  different  tension,  to  which  the  area  was  long  sub- 
jected, after  the  main  fissures  or  axes  of  upheavement 
had  been  formed,  but  before  the  final  consolidation  of 
the  mass  and  the  total  cessation  of  all  molecular  move- 
ment. 

*  See  Chapter  III.  of  the  present  work. 
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Gnat  *ui«V™«— Cronrtif  ™fe  o/ttri^-Cfandi„iBj,  reowri*  on  tit 

UtpaUata  range  ;  ori^n  mbu^yeiU   to  t!al  of  tir  main  CorriilUni  ■ 
crmpaHftm  tnit  (**■  PortiUo  cAoiii, 


hno  periods  0/  itilnidai. 


Tbb  district  between  the  Cordillera  and  the  Patific  oa 
a  rude  average,  is  from  about  eighty  to  one  hundred 
miles  in  width.  It  is  crossed  by  many  chains  of  moun- 
tains, of  which  the  principal  ones,  in  the  latitude  of 
Valparaiso  and  southward  of  it,  range  neariv  north  and 
south  ;  but  in  the  more  northern  parts  of  the  province 
they  run  in  almost  every  possible  direction.  Near  the 
Pacific,  the  mountain-ranges  are  generally  formed  of 
syenite  or  granite,  or  of  an  allied  euritic  porphyry  ;  in 
the  low  country,  besides  these  granitic  rocks  and  green- 
stone, and  much  gneiss,  there  are,  especially  northward 
of  Valparaiso,  some  considerable  districts  of  true  clav- 
slate  with  quartz  veins,  passing  into  a  feldspathic  and 
porphyritic  elate  •,  there  is  also  some  grauwacke  and 


oKip.  zxT.  Central  Ckik.  471. 

qnartaoae  and  jaspeiy  rocks,  the  latter  oocaaionally 
aaBomiiig  the  character  of  the  bang  of  day-stone  por-« 
phyxy:  trap-dikes  are  nnmerooB.  Kearer  the  Cordillera 
the  ranges  (such  as  those  of  S«  Fernando,  the  Prado,^ 
and  Aconcagoa)  are  formed  pertly  of  granitic  rocks, 
and  partly  of  purple  poxphyritic  conglomerates,  day-* 
stone  porphyry,  greenrtone  porphyry,  and  other  rocks, 
audi  as  we  shall  immediatdy  see,  form  the  basal  strata 
of  the  main  Cordillera.  In  the  more  northern  parts  of 
Chile,  this  porphyritic  series  extends  over  large  tracts 
of  oonntry  fiur  from  the  Cordillera;  and  even  in  Central 
Chile  sodi  occasionally  occur  in  outlying  positions* 

I  will  describe  the  Campana  cf  Qnillota,  which 
stands  only  fifteen  miles  from  the  Pacific,  as  an  instance 
ofone  of  these  outlying  masses.  This  hill  is  conspicuous 
from  rising  to  the  height  of  6,400  feet :  its  summit 
shows  a  nudeus,  uncovered  for  a  height  of  800  feet^  of 
fine  greenstone,  induding  epidote  and  octahedral  mag- 
netic iron  ore ;  its  flanks  are  formed  of  great  strata 
of  porphyritic  clay-stone  con^omerate,  associated  with 
various  true  porphyries  and  amygdaloids,  alternating 
with  thick  masses  of  a  highly  feldspathic,  sometimes 
porphyritic,  pale-coloured  slaty  rock,  with  its  deavage- 
laminas  dipping  inwards  at  a  high  angle*  At  the  base 
of  the  hill  there  are  syenites,  a  granular  mixture  of 
quartz  and  feldspar,  and  harsh  quartzose  rocks,  all  be- 
longing to  the  basal  metamorphic  series.  I  may  ob- 
serve that  at  the  foot  of  Several  hills  of  this  class,  where 
the  porphyries  are  first  seen  (as  near  S.  Fernando,  the 
Prado,  Las  Vacas,  &c.),  similar  harsh  quartzose  rocks 
and  granular  mixtures  of  quartz  and  feldspar  occur,  as 
if  the  more  fiisible  constituent  parts  of  the  granitic 
series  had  been  drawn  oflF  to  form  the  overlying  por- 
phyries. 

1  Meyeo, '  Beise  mn  Erde/  Th.  1.  8.  235. 


*  In  Centnil  Chile,  the  flanke  of  the  main  Cardiller^, 
into  which  I  penetrated  by  four  different  valleys,  gene- 
niUy  ooDsiat  of  distinctly  stratified  rocks.  The  strata 
are  inclined  at  angles  varyin)^  firom  sometimes  even 
under  ten,  to  twenty  degrees,  very  rarely  exceeding 
forty  degrees :  in  some,  however,  of  the  qtiite  small, 
exteirior,  epur-Iike  ridges,  the  inclination  was  not  un&e- 
quently  greater.  The  dip  of  the  strata  in  tiie  main 
out*T  lines  wa»  nsually  outwards  or  from  the  Cordillera, 
but  in  Northern  Chile  frequently  inwards, — that  is, 
their  Ijasset-edges  fronted  the  Pacific.  Dikes  occur  in 
extraordinary  numbers.  In  the  great,  central,  loftiest 
ridges,  the  strata,  as  we  shall  presently  see,  are  almost 
always  highly  inclined  and  often  vertical.  Before  giving 
a  detailed  account  of  my  two  sections  across  the  Cor- 
dillera, it  will,  I  think,  be  convenient  to  describe  the 
lia^al  strata  as  seen,  often  to  a  thickness  of  4,000  or 
■5,000  feet,  on  the  flanks  of  the  outer  lines. 

Basal  Strata  of  the  Cordillera. — The  prevailing 
rock  is  a  purplish  or  gteenish,  porphyritic  claystotie 
jconglomerate.  The  embedded  fragments  vary  in  size 
&om  mere  particles  to  blocks  as  much  as  six  or  eight 
inches  (mrelymore)  in  diameter;  in  many  places,  where 
the  fragments  were  minute,  the  signs  of  aqueous  depo- 
sition were  unequivocally  distinct ;  where  they  were 
lu'ge,  such  evidence  could  rarely  be  detected.  The 
■basis  is  generally  porphyritic  with  perfect  crystals  of 
feldspar,  and  resembles  that  of  a  true  injected  clay- 
*tone  porphyry :  often,  however,  it  has  a  mechanical 
■or  sedimentary  aspect,  and  sometimes  (as  at  Jajuel)  is 
ijaspery.  The  included  fragments  are  either  angular, 
or   partially   or   quite  rounded ; '  in  some   parts   the 

'  Pome  of  the  rounded  frngments  in  tbo  porphyritic  conglomerate 
near  the  Bnthe  of  CnmiueiicB,  -were  rnnrked  with  radii  anJ  concentric 
toaee  of  Jifforenl  ahadea  ot  colinir-.  sa^  iob  who  diJ  not  know  that 
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xonnded,  in  others  the  angular  fragments  prevail,  and 
usually  both  kinds  are  mixed  together ;  hence  the  word 
breccia  ought  strictly  to  be  appended  to  the  term  por^ 
jphyritic  conglomerate.  The  fragments  consist  of  many 
varieties  ctf  clay-stone .  porphyry,  usually  of  nearly 
the  same  colour  with  the  surrounding  basis,  namely, 
purplish-reddisdi,  brownish,  mottled  or  bright  greert ; 
occasionally  fragments  of  a  laminated,  pale-coloured, 
feldspathic  rock,  like  altered  clay-slate  are  included ; 
as  are  sometimes  grains  of  quartz,  but  only  in  one  in- 
stance in  Central  Chile  (namely,  at  the  mines  of  Jajuel) 
a  few  pebbles  of  quartz.  I  nowhere  observed  mica  in 
this  formation,  and  rarely  hornblende ;  where  the  latter 
mineral  did  occur,  I  was  generally  in  doubt  wliether 
the  mass  really  belonged  to  this  formation,  or  was  of 
intrusive  origin.  Calcareous  spar  occasionally  occurs 
in  small  cavities ;  and  nests  and  layers  of  epidote  are 
<K>mmon.  In  some  few  places  in  the  finer-grained 
varieties  (for  instance,  at  Quillota),  there  were  short, 
ihterrupted  layers  of  earthy  feldspar,  which  could  be 
traced,  exactly  as  at  Port  Desire,  passing  into  large 
crystals  of  feldspar :  I  doubt,  however,  whether  in  this 
instance  the  layers  had  ever  been  separately  deposited 
as  tufaceous  sediment. 

All  the  varieties  of  porpliyritic  conglomerates  and 
breccias  pass  into  eacli  other,  and  by  innumerable 
gradations  into  porphyries  no  longer  retain in<,^  the  least 
trace  of  meclianical  origin :  the  transition  appears  to 
have  been  effected  much  more  easily  in  tlie  jiiHT-;^raiued, 
than  in  the  coarser-grained  varieties.  In  one  instance, 
near  Cauquenes,  I  noticed  that  a  porphyritic  conglo- 


.pebbles,  for  instance  flint  pebbles  from  the  chalk,  are  sometimes  zoned 
concentrically  with  their  worn  and  rounded  siirfacef^,  might  have  been 
led  to  infer,  that  these  balls  of  porphyry  were  not  true  pebbka,  l^xit  VkS^ 
originated  in  concretionary  action. 


menUi  amatoed  a  spberoiilal  itroctore,  and  tended  to 
faecoRw  coiumnar.  Beddeatbeporpbynticcaiiglocoerates 
and  tlie  perfectly  characterized  porphrries  of  meta- 
morphic  ongin,  there  are  other  porphyries,  which, 
ibtm^li  difTrrring  not  at  all  or  only  slightly  in  compoei- 
ttoti,  ctTtainly  have  had  a  different  ongio :  these  consist- 
of  pink  or  purple  elayrtone  porphyries,  sometimes 
including  gr»iii«  wf  quartz, — of  greenitoDe  porphyry, 
and  of  other  (Insky  rocks,  all  generally  porphyritic  with 
fine,  large,  talndar,  opaque  crystals,  often  placed  crosa- 
wise,  of  feldspar  cleaving  like  alhite,  (judging  from 
KVeral  meosiin^nu^nti)),  and  often  amygdaloidal  with 
riUtx,  ugitt4>,  carbonate  of  lime,  green  and  brown  bole.' 
These  Keveral  porphyritic  and   amygdaloidal  varieties 

I  Thii  bolo  U  B  Ttry  commoD  mineral  in  the  nmygdidoidal  rocks ;  it 
il  gtasnll;  of  a  grc»tilih -brown  raloai',  with  a.  laiUating  Btmctore  ;  a- 
traoltj  it  ia  black  with  an  almott  metallic  liutre,  bat  oft«n  costad  }yj  m 
bright  gtaen  film.  Itii  soft  uid  can  be  gcmlcbad  by&qaill;  under  tlkO 
blowpipo  iwelli  sreatlf  aod  becomes  Bcalj,  theo  foaea.  esaUj  into  k 
black  magnetic  bead.  Tbia  tnbitBaCB  ia  evidently  Bimilsr  to  tbat 
which  ot^n  ocean  in  aabmaiine  volcanic  roelu.  An  eisminatiDD  of 
■ome  7817  curioiu  apecimeiu  of  a  flue  porphfry  (from  Jnjuel)  leada  ma 
to  anapect  that  aome  of  Iheae  Rmjgdaloidal  balls,  inatead  of  baring  bavB 
(lapoailed  in  pre-exi>ting  alT'TeEcle*,  ora  of  concretioDaij  origin  ;  for  in 


ttoaj  matter,  like  tbt  baiii  of  the  porpbfr;,  including  D 
cryalali  of  faldipnr  ;  and  these  pea-absped  little  nuasea  are  themaelvn 
nmjgdaloidiil  with  miDUto  ipheres  of  the  green  earth,  each  emelopad  by 
n  tUm  of  whilo,  apparently  feldapathic,  eanhj  matter :  ao  that  the  por- 
phyry is  doubly  amygdaloidal.  It  ahould  not,  however,  be  overlooked, 
that  nil  the  atrata  here  have  nndergone  metamorphic  action,  which  maf 
hnvu  cauaed  cryitala  of  frldapor  to  appear,  and  other  cliaages  to  bs 
rfiected,  in  tbe  originally  limple  nmygdiiloidal  balls.  Mr.  J.  D.  Dana, 
in  an  excellent  paper  on  Trap  rocli>  ('  Edin.  New  Fhil,  Journ.'  vol.  zli. 
p.  ISB),  baa  argued,  with  great  force,  that  all  amygilaloidal  miaonls 
liava  been  depoiited  by  oqueoua  infiltration.  I  may  Ijike  this  oppor- 
tunity of  alluding  to  a  curious  caa*,  described  in  Chapter  11.  of  tb» 
praiant  work,  of  nn  amygdaloidal  rock,  with  many  of  the  cells  onljr 
lialf  filled  up  with  n  mcBolypic  mineral, 

M.  Boac  hna  deacrlbed  an  amygdaloid,   brought  by  Dr.  Mayan 
{■  Reiae  um  Gida,' Tb.  I.  s.  316)from  Chile,  asconsiatingof  cryataUised 
^Birta,  with  cryatala  of  itilbite  within,  and  lined  externally  by  green 
i  muth. 
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never  show  any  signs  of  passing  into  masses  of  sedi^ 
mentaiy  origin:  Uiey  occur  both  in  great  and  small 
intrusive  masses,  and  likewise  in  strata^altematine:  with 
tiioee  of  the  p<;rpfayritic  conglomera4>nd  JL  the 
planes  of  junction  often  quite  distinct,  yet  not  seldom 
blended  together.  In  some  of  these  intrusive  masses,. 
the  porphyries  exhibit,  more  or  less  plainly,  a  brecciated 
structure,  like  that  often  seen  in  volcanic  masses.  These 
brecciated  porphyries  could  generally  be  distinguished 
at  once  from  the  metamorphosed,  porphyritic  breccia- 
oonglomerates,  by  all  the  fragments  being  angular  and 
being  formed  of  the  same  variety,  and  by  the  absence. 
of  every  trace  of  aqueous  deposition.  One  of  the  por^ 
phyries  above  specified,  namely,  the  greenstone  porphyry 
with  large  tabular  crystals  of  albite,  is  particularly 
abundant,  and  in  some  parts  of  the  Cordillera  (as  near 
St.  Jago)  seemed  more  common  even  than  the  purplish 
porphyritic!  conglomerate.  Numerous  dikes  likewise 
consist  of  this  greenstone  porphyry ;  others  are  formed 
of  various  fine-grained  trappean  rocks;  but  very  few 
of  clay-stone  porphyry :  I  saw  no  true  basaltic  dikes. 

In  several  places  in  the  lower  part  of  the  series,  but 
not  everywhere,  thick  masses  of  a  highly  feldspathic,. 
often  porphyritic,  slaty  rock  occiu:  interstratified  with 
the  porphyritic  conglomerate :  I  believe  in  one  or  twa 
cases  blackish  limestone  has  been  found  in  a  similar 
position.  The  feldspathic  rock  is  of  a  pale  grey  or 
greenish  colour ;  it  is  easily  fusible  ;  where  porphyritic^ 
the  crystals  of  feldspar  are  generally  small  and  vitreous ; 
it  is  distinctly  laminated,  and  sometimes  includes, 
parallel  layers  of  epidote ;  ^  the  lamination  appears  to 

*  This  mineral  is  extremely  common  in  cJl  the  formations  of  Chile ; 
in  the  gneiss  near  Valparaiso  and  in  the  granitic  veins  crossing  it,  in 
the  injected  greenstone  crowning  the  C.  of  Quillota,  in  some  granitio 
porphyries,  in  the  porphyritic  conglomerate,  and  in  the  feldB;^\.Vi\^ 
day-slates. 
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be  duttiuct  from  «(ntifieatioft.  OccwdtmaUy  thi«  rock 
b  nnurwbai  carioitfi ;  and  at  one  qiot,  namelr,  at  tite 
C.  of  Quillota,  it  Itad  a  brecdatad  atmctare.  Near  Ibc 
miim  of  JajiKl,  in  a  thick  «tnUnm  of  this  feldspathic, 
patpfayritic  nljile,  tbere  vas  a  layrr  <if  hard,  libdodi, 
jUictwuu,  infuriUe,  ccrnipoet  cluv-fLit^,  such  as  I  »w 
wMlura  elK :  at  the  satne  place  I  wa»  al)le  to  foUov 
ibr  a  fxmablerable  dixUince  the  juoetion  between  the  aUte 
and  the  (roaTormably  andcrlyiajf  porplijritic  oonglo- 
uutrate,  and  tbejr  oeitainly  paaaed  gradually  into  each 
titber.  Whtnnrer  these  slaty  &4d«pathic  rocks  abound, 
greewtone  iieeiiM  coinison ;  at  the  C.  of  (^uillota  a  bed 
of  weU-cryrtallizod  gnfiistoiM;  lay  conformably  in  the 
micbt.  of  tlie  feldHpaLhic  slate,  with  thr-  upper  and  lower 
junctions  passing  insensibly  into  it.  From  this  &ct, 
imd  from  the;  frerjnently  porpLyritic  condition  of  the 
slate,  I  should  perhaps  have  considered  this  rock  as  an 
erupted  one  (like  certain  laminated  feldspathic  lavas 
in  the  tracbytic  series),  bad  I  not  seen  in  T.  del  Fuego 
how  readily  true  clay-slate  becomes  feldspathic  and 
porphyritic,  and  had  I  not  seen  at  Jajuel  the  included 
layer  of  black,  siliceous  olay-slate,  which  no  one  could 
have  thought  of  igneous  origin.  Tlie  gentle  passage 
of  the  feldspathic  slate,  at  Jajuet,  into  the  porphyritic 
conglomerate,  which  is  certainly  of  aqueous  origin, 
should  uIho  be  taken  into  account. 

The  alternating  strata  of  porphyries  and  porpliyritic 
conglomerate,  and  with  the  occasionally  included  beds 
of  feldspathic  slate,  together  make  a  grand  formation  ; 
in  several  places  within  the  Cordillera,  I  estimated  its 
thickness  at  from  (>,000  to  7,000  feet.  It  extends  for 
many  hundred  miles,  forming  the  western  flank  of  the 
Chilian  Cordillera  ;  and  even  at  Iquique  in  Peru,  850 
miles  north  of  the  southernmost  point  examined  by  me 
in  Chile,  the  coast-eBcarpmeat,  'nMcIi  rises  to  a  height 
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of  between  2,000  and  3,000  feet,  is  thus  composed.  In 
several  parts  of  Northern  Chile  this  formation  extends 
much  farther  towards  the  Pacific,  over  the  granitic  and 
metamorphic  lower  rocks,  than  it  does  in  Central  Chile  ^ 
but  the  main  Cordillera  may  be  considered  as  its  cen- 
tral line,  and  its  breadth  in  an  east  and  west  direction 
is  never  great.  At  first  the  origin  of  this  thick,  mas- 
sive, long  but  narrow  formation,  appeai-ed  to  me  very 
anomalous :  whence  were  derived,  and  how  were  dis- 
persed the  innumerable  fragments,  often  of  large  size, 
sometimes  angular  and  sometimes  rounded,  and  almost 
invariably  composed  of  porphyritic  rocks  ?  Seeing  that 
the  interstratified  porphyries  are  never  vesicular  and 
often  not  even  amygdaloidal,  we  must  conclude  that  the 
pile  was  formed  in  deep  water ;  how  then  came  so  many 
firagments  to  be  well  rounded  and  so  many  to  remain 
angular, sometimes  the  two  kinds  being  equally  mingled,, 
sometimes  one  and  sometimes  the  other  preponderat- 
ing? That  the  clay-stone,  greenstone,  and  other  por- 
phyries and  amygdaloids,  which  lie  conformably  be- 
tween the  beds  of  conglomerate,  are  ancient  submarine 
lavas,  I  think  there  can  be  no  doubt ;  and  I  believe  we 
must  look  to  the  craters  whence  these  streams  were 
erupted,  as  the  source  of  tlie  breccia-conglomerate : 
after  a  great  explosion,  we  may  fairly  imagine  that 
the  water  in  the  heated  and  scarcely  quiescent  crater 
would  remain  for  a  considerable  time  ^  sufficiently 
agitated  to  triturate  and  round  the  loose  fragments 
lying  within  it :  these  rounded  fragments,  few  or  many 
in  number,  would  be  shot  forth  at  the  next  eniption, 
associated  with  a  few  or  many  angular  fragments,  ac- 
cording to  the  strength  of  the  explosion.     The  porphy- 

*  This  CLTtiiinly  seems  to  bavo  taken  place  in  somo  recent  volcanift 
archipelagoes,  as  at  the  Galapagos,  where  numerous  craters  are  Qr<iLu- 
sively  formed  of  tuflf  and  fragments  of  lava. 


I 


ritic  eoDgiomenite  being  pur|:Ae  or  reddish,  ereo  when 
sltematiog  with  dnBkr-cftlonred  or  bright  green  por- 
phyries and  unygdaloids,  u  probablj  an  anakgmu 
circumstance  to  the  fcorix  of  the  hlackigh  bofalts  be- 
ing often  bright  red.  The  ancient  eubmarise  orifices 
whence  the  porphyries  and  their  fragments  were  ejected 
having  been  arranged  in  a  land,  like  moet  still  active 
TolcuuM,  accounts  for  the  thickness,  the  nairowneeB,  and 
linear  eitenaioa  of  this  formation. 

This  whole  great  pile  of  rock  has  soSered  much 
metamorphic  action,  as  ia  very  obrioos  in  the  gradual 
fonnstioa  and  appearance  of  the  crystals  of  albitic 
feldspar  and  of  epidote — in  the  blending  together 
of  the  fragments  —  in  the  appearance  of  a  lami- 
n;ited  stn.icfnre  in  the  feld^patliie  slate — and.  lastly, 
in  the  disappearance  of  the  planes  of  stratification, 
which  cotild  sometimes  be  seen  on  the  same  mountain 
quite  distinct  in  the  upper  part,  less  and  less  plain  on 
the  flanks,  and  quite  obliterated  at  the  base.  Partly 
owing  to  this  metamorphic  action,  and  partly  to  the 
close  relationship  in  origin,  I  have  seen  fragments  of 
porphyries — taken  from  a  metamorphosed  conglomerate 
— f^om  a  neighbouring  stream  of  lava — from  the  nucleus 
or  centre  (as  it  appeared  to  me)  of  the  whole  submarine 
volcano — and  lastly  from  an  intrusive  mass  of  quite 
subsequent  origin,  all  of  which  were  absolutely  undis- 
tinguisbable  in  external  characters. 

One  other  rock,  of  plutonic  origin,  and  highly  im- 
portant in  the  history  of  the  Cordillera,  from  having 
been  injected  in  most  of  the  great  axes  of  elevation,  and 
from  having  apparently  been  instrumental  in  meta- 
morphosing the  superincumbent  strata,  may  be  con- 
veniently described  in  tbiti  preliminary  discussion.  It 
has  been  called  by  some  authors  AndesiU :  it  mainly 
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<xm8ist8  of  well-crystallised  white  albite,^  (as  determined 
with  the  goniometer  in  nmnerous  specimens  both  by 
Professor  Miller  and  myself),  of  less  perfectly  crystal- 
lised green  hornblende,  often  associated  with  much 
mica,  with  chlorite  and  epidote,  and  occasionally  with 
a  few  grains  of  quartz :  in  one  instance  in  Northern 
Chile,  I  found  crystals  of  orthitic  or  potash  feldspar, 
mingled  with  those  of  albite.  Where  the  mica  and 
•quartz  are  abundant,  the  rock  cannot  be  distinguished 
from  granite ;  and  it  may  be  called  andesitic  granite. 
Where  these  two  minerals  are  quite  absent,  and  when, 
as  often  then  happens,  the  crystals  of  albite  are  imper- 
fect and  blend  together,  the  rock  may  be  called  ande- 
sitic porphyry,  which  bears  nearly  the  same  relation  to 
andesitic  granite  that  euritic  porphyry  does  to  common 
granite.  These  andesitic  rocks  form  mountain  masses 
of  a  white  colour,  which,  in  their  general  outline  and 
appearance — in  their  joints — in  their  occasionally  in- 
^eluding  dark-coloured,  angular  fragments,  apparently  of 
some  pre-existing  rock — and  in  the  great  dikes  branch- 
ing from  them  into  the  superincumbent  strata,  manifest 
a  close  and  striking  resemblance  to  masses  of  common 
granite  and  syenite:  I  never,  however,  saw  in  these 
andesitic  rocks,  those  granitic  veins  of  segregation 
which  are  so  common  in  true  granites.  We  have  seen 
that  andesite  occurs  in  three  places  in  Tierra  del  Fuego  ; 
in  Chile,  from  St.  Fernando  to  Copiapo,  a  distance  of 

*  I  here,  and  elsewhere,  call  by  this  name,  those  feldspathic  mine- 
Tals  which  cleave  like  albite:  but  it  now  appears  (*  Edin.  New  Phil, 
Jonm/  vol.  xziv.  p.  181)  that  Abieh  has  analysed  a  mineral  from  the 
Cordillera,  associated  with  hornblende  and  quartz  (probably  the  same 
Tock  with  that  here  under  discussion),  which  cleaves  like  albite,  but 
-which  is  a  new  and  distinct  kind,  called  by  him  Afidesine.  Jt  is  allied 
to  leucite,  with  the  greater  proportion  of  its  potash  replaced  by  lime 
And  soda.  This  mineral  seems  scarcely  distinguishable  from  albite,  ex- 
cept by  analysis. 


450  milee,  I  found  it  under  moet  of  the  axes  of  elevation 
in  a  collection  of  Hpecimens  from  the  Cordillera  of  Lima 
in  Peru,  I  immediately  recopiised  it ;  and  Erman ' 
Ktat4's  that  it  occim  in  Eastern  Kamt^cbatka.  From 
it«  wide  ran^fe,  and  from  the  important  part  it  has 
playod  in  the  hiutory  of  the  Cordillera,  I  think  this 
rook  haa  well  deserved  ita  distinct  name  of  Andesitc. 

Th"  fffW  still  ;ictive  volcano9  in  Chile  are  confined 
to  the  central  and  lofliest  ranges  of  the  Cordillera ;  and 
volcanic  matter,  stich  an  appearH  to  have  been  of  snb- 
luirlal  eruption,  U  everywhere  rare.  According  to 
Meywi,'  tbero  in  a  hill  of  pumice  high  up  the  valley 
of  the  Maypu,  and  likewise  a.  trachytic  formation  at 
CoUna,  a  village  situated  north  of  St.  Jago.  Close  to 
thin  latter  city,  thrre  are  two  liilk  fonned  of  a  pale 
feldspathic  porphyry,  remarkable  from  being  doubly 
columnar,  great  cylindrical  columns  being  subdivided 
into  flmaller  four  or  five  sided  ones ;  and  a  third  hillock 
(Cerro  Blanco)  is  formed  of  a  fragmentary  mass  of 
rock,  which  I  believe  to  be  of  volcanic  origin,  inter- 
mediate in  character  between  the  above  feldspatliic 
porphyry  and  common  trachyte,  and  containing  needle 
of  hornblende  and  granular  oside  of  iron.  Near  the 
Batbs  of  Cauquenes,  between  two  short  parallel  lines  of 
elevation,  where  they  are  intersected  by  the  valley,  there 
is  a  email,  though  distinct  volcanic  district;  the  rock 
is  a  dark  grey  (andesitic)  trachyte,  which  fuses  into  a 
grecniah-grcy  bead,  and  is  formed  of  long  crystals  of 
fractured  glassy  albite  (judging  from  one  measurement) 
mingled  with  well-formed  crystals,  oflen  twin,  of  augite. 
The  whole  mass  is  vesicular,  but  the  surface  is  darker 
coloured  and  much  more  vesicular  than  any  other  part. 
This  trachyte  forms  a  cliff-bounded,  horizontal,  narrow 
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strip  on  the  steep  southern  side  of  the  valley,  at  the 
height  of  400  or  500  feet  above  the  river-bed ;  judging 
from  an  apparently  corresponding  line  of  cliff  on  the 
northern  side,  the  valley  must  once  have  been  filled  up 
to  this  height  by  a  field  of  lava.  On  the  summit  of  a 
lofty  mountain  some  leagues  higher  up  this  same  valley 
of  the  Cachapual,  I  found  columnar  pitchstone  porphy- 
ritic  with  feldspar ;  I  do  not  suppose  this  rock  to  be 
of  volcanic  origin,  and  only  mention  it  here,  from  its 
being  intersected  by  masses  and  dikes  of  a  vesicular 
rock,  approaching  in  character  to  trachyte ;  in  no  other 
part  of  Chile  did  I  observe  vesicular  or  amygdaloidal 
dikes,  though  these  are  so  common  in  ordinary  volcanic 
districts. 


Passage  of  the  Andes  by  the  PortiUo  (W  Peuquenes 

Pass. 

Although  I  crossed  the  Cordillera  only  once  by  this 
pass,  and  only  once  by  that  of  the  Cumbre  or  Uspallata 
(presently  to  be  described),  riding  slowly  and  halting 
occasionally  to  ascend  the  mountains,  there  are  many 
circiunstances  favourable  to  obtaining  a  more  faithful 
sketch  of  their  structure  than  would  at  first  be  thought 
possible  from  so  short  an  examination.  The  mountains 
are  steep  and  absolutely  bare  of  vegetation  ;  the  [atmo- 
sphere is  resplendently  clear ;  the  stratification  distinct ; 
and  the  rocks  brightly  and  variously  coloured  :  "some  of 
the  natural  sections  might  be  truly  compared  for  dis- 
tinctness to  those  coloured  ones  in  geological  works. 
Considering  how  little  is  known  of  the  structure  of  this 
gigantic  range,  to  which  I  particularly  attended,  most 
travellers  having  collected  only  specimens  of  the  rocks, 
I  think  my  sketch-sections,  though  necessarily  imper- 
fect, possess  some  interest.    The  section  given.  Vw  '?\aXft\i 

I  I 


.  1,  which  I  will  now  describe  in  detail,  is  od  a 
horizoDtal  scale  uf  a  third  of  an  inch  to  a  nautical  mile, 
and  OD  a  vertical  scale  of  one  inch  to  a  mile  m-  6,000 
feet.  The  width  of  the  range,  (excluding  a  few  out- 
lying hillocks)  from  the  plain  on  which  St.  Jago  tixe 
capital  of  Chile  stands,  to  the  Pampas,  is  sixty  milee,  as 
lar  as  I  can  judge  from  the  maps,  which  differ  from  each 
other  and  are  all  exce^lingly  iroperfect.  The  St.  Jago 
plain  at  the  mouth  of  the  Maypii,  I  estimate  &om  ad- 
joining known  points  at  2,300  feet,  and  the  Pampas  at 
3,500  feet,  both  above  the  level  of  the  sea.  The  height 
of  the  Peuquenes  line,  according  to  Mi.  Gillies,'  is 
.13,2iOfeet;  and  that  of  the  Portillo  line  (both  in  the 
gaps  where  the  road  crosses  them)  is  14,345  feet;  the 
lowest  part  of  the  intermediate  valley  of  Tenuyan  is 
7,530  feet — all  above  the  level  of  the  sea. 

The  Cordillera  here,  and  indeed  I  believe  thronghoat 
Chile,  consist  of  several  parallel,  anticlinal  and  uuicUnal 
mountain-lines,  ranging  north,  or  north  with  a  little 
vresting,  and  south.  Some  exterior  and  mudi  lower 
ridges  often  vary  considerably  from  this  course,  pro- 
jecting like  oblique  spurs  from  the  main  ranges :  in 
the  district  towuils  the  Pacific,  the  mountains,  as  be- 
fore remarked,  extend  in  various  directions,  even  east 
and  west.  la  the  main  exterior  lines,  the  strata,  as  also 
before  remarked,  are  seldom  inclined  at  a  high  angle ; 
but  in  the  central  lofty  ridges  they  are  almost  always 
highly  inclined,  broken  by  many  great  faults,  and  often 
vertical.  As  &ir  as  I  could  judge,  few  of  the  ranges  are 
of  great  length  :  and  in  the  central  parts  of  the  Cor- 
dillera, I  was  frequently  able  to  follow  with  my  eye  a 
ridge  gradually  becoming  higher  and  higher,  as  the 
stratification  increased  in  inclination,  from  one  end 
vhere  its  height  was  trifiing  and  its  strata  gently  inclined 
■  ■  JcnuiMlof  K&Land  Qaogispb.Sdei»es,' Augnat,  18311. 
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to  the  other  end  where  vertical  strata  formed  snow-clad 
pinnacles.  Even  outside  the  main  Cordillera,  near  the 
baths  of  Cauquenes,  I  observed  one  such  case,  where  a 
north  and  south  ridge  had  its  strata  in  the  valley  in- 
clined at  37%  and  less  than  a  mile  south  of  it  at  67^ : 
another  parallel  and  similarly  inclined  ridge  rose  at  the 
distance  of  about  five  miles,  into  a  lofty  mountain  with 
absolutely  vertical  strata.  Within  the  Cordillera,  the 
height  of  the  ridges  and  the  inclination  of  the  strata 
often  became  doubled  and  trebled  in  much  shorter  dis- 
tances than  five  miles :  this  peculiar  form  of  upheaval 
probably  indicates  that  the  stratified  crust  was  thin, 
and  hence  yielded  to  the  underlying  intrusive  masses  im- 
equally,  at  certain  points  on  the  lines  of  fissure. 

The  valleys,  by  which  the  Cordillera  are  drained, 
follow  the  anticlinal  or  rarely  synclinal  troughs,  which 
deviate  most  from  the  usual  north  and  south  course ;  or 
still  more  commonly  those  lines  of  faults  or  of  unequal 
curvature  (that  is,  lines  with  the  strata  on  both  hands 
dipping  in  the  same  direction,  but  at  a  somewhat 
difierent  angle)  which  deviate  most  from  a  northerly 
course.  Occasionally  the  torrents  run  for  some  distance 
in  the  north  and  south  valleys,  and  then  recover  their 
eastern  or  western  course  by  bursting  tlirough  the  ranges 
at  those  points  where  the  strata  have  been  least  inclined 
and  the  heiglit  consequently  is  less.  Hence  the  valleys, 
along  which  the  roads  run,  are  generally  zigzag ;  and, 
in  drawing  an  east  and  west  section,  it  is  necessary  to 
contract  greatly  that  which  is  actually  seen  on  the  road. 

Commencing  at  the  western  end  of  tlie  coloured 
section  [Plate  I.]  where  the  E.  Maypu  debouches  on  the 
plain  of  St.  Jago,  we  immediately  enter  on  the  por- 
.  phyritic  conglomerate  formation,  and  in  the  midst  of 
it  find  some  hummocks  [A]  of  granite  and  syenite, 
which  probably  (for  I  neglected  to  collect  specimens) 
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r  "belong  to  the  andesitic  cla^.     These  are  succeeded  liy 
some  nigged  liills  [B]  of  dark-green,  crystalline,  feld- 

'  spathic  and  in  some  parts  slaty  rocks,  which  I  be- 
lieve belong  to  the  altered  clay-slate  formation.  From 
tbis  point,  great  roountaics  of  purplish  and  greenifh, 
generally  thinly  stratified,  highly  porphyritic  conglo- 
merates, inclnding  many  strata  of  amygdaloidal  and 
greenstone  porphyries,  extend  up  the  valley  to  the 
janction  of  the  rivers  Ye»o  and  Volcan.  As  the  valley 
here  runs  in  a  very  southerly  course,  the  width  of  the 
porphyritic  conglomerate  formation  is  quite  conjeetural ; 
and  from  the  same  cause,  I  was  unable  to  make  out 
much  about  the  stratification.  In  most  of  the  exterior 
moimtains  the  dip  was  gentle  and  directed  inwards; 
and  at,  only  one  spot  I  observed  an  inclination  as  high 
as  50°.  Near  the  junction  of  the  1{.  l.-oloi-ado  with  the 
main  stream,  there  is  a  hill  of  whitish,  hrecciated, 
partially  decomposed  feldspathic  porphyry,  having  a 
volcanic  aspect  but  not  being  really  of  that  nature  :  at 
Tolls,  however,  in  this  valley,  Dr.  Meyen  '  met  with  a 
hill  of  pumice  containing  mica.  At  the  junction  of 
the  Yeso  and  Volcan  [D]  there  is  an  extensive  mass,  in 
white  conical  hillocks,  of  andesite,  containing  some 
mica,  and  passing  either  into  andesitic  granite,  or  into 
a  spotted,  semi-granular  mixture  of  albitic  (?)  feldspar 
and  hornblende:  in  the  midst  of  this  formation  Dr. 
Meyen  found  true  trachyte.  The  andesite  is  covered 
by  Btrata  of  dark-coloured,  crystalline,  obscurely  por- 
phyritic rocks,  and  above  them  by  the  ordinary  por- 
phyritic conglomerates, — the  strata  all  dipping  away  at 
a  small  angle  from  the  underlying  mass.  The  surround- 
ing lofty  mountains  appear  to  be  entirely  composed 
of  the  porphyritic  conglomerate,  and  I  estimated  its 
thickness  here  at  between  6,000  and  7,000  feet. 
'  '  Beiae  um  Enls '  Tb.  1.  m.  338, 341. 
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Beyond  the  junction  of  the  Yeso  and  Volcan,  the 
porphyritic  strata  appear  to  dip  towards  the  hillocks  of 
andesite  at  an  angle  of  40^ ;  but  at  some  distant  points 
on  the  same  ridge  they  are  bent  up  and  vertical. 
Following  the  valley  of  the  Yesa,  trending  NE.  (and 
therefore  still  imfavourable  for  our  transverse  section), 
the  same  porphyritic  conglomerate  formation  is  pro- 
longed to  near  the  Cuestadel  Indio,  situated  at  the 
western  end  of  the  basin  (like  a  drained  lake)  of  Yeso* 
Some  way  before  arriving  at  this  point,  distant  lofty 
pinnacles  capped  by  coloured  strata  belonging  to  the 
great  gypseous  formation  could  first  be  seen.  From 
the  summit  of  the  Cuesta,  looking  southward^  there  is 
a  magnificent  sectional  view  of  a  mountain-mass,  at 
least  2,000  feet  in  thickness  [E],  of  fine  andesitic 
granite  (containing  much  black  mica,  a  little  chlorite 
and  quartz),  which  sends  great  white  dikes  far  into  the 
superincumbent,  dark-coloured,  porphyritic  conglome- 
rates. At  the  line  of  junction  the  two  formations  are 
wonderfully  interlaced  together :  in  the  lower  part  of 
the  porphyritic  conglomerate,  the  stratification  has 
been  quite  obliterated,  whilst  in  the  upper  part  it  is 
very  distinct,  the  beds  composing  the  crests  of  the 
surrounding  mountains  being  inclined  at  angles  of 
between  70°  and  80°,  and  some  being  even  vertical. 
On  the  northern  side  of  the  valley,  there  is  a  great 
corresponding  mass  of  andesitic  granite,  which  is  encased 
by  porphyritic  conglomerate,  dipping  both  on  the 
western  and  eastern  sides,  at  about  80°  to  west,  but  on 
the  eastern  side  with  the  tips  of  the  strata  bent  in  such 
a  manner,  as  to  render  it  probable  that  the  whole  mass 
had  been  on  that  side  thrown  over  and  inverted. 

In  the  valley-basin  of  the  Yeso,  which  I  estimated 
at  7,000  feet  above  the  level  of  the  sea,  we  first  reach 
at  [F]  the  gypseous  formation.     Its  thickness  is  very 


great.  It  consUts  in  moit  parts  of  sDow-«hit«,  baid, 
<»Knpact  gypeam,  which  breaks  with  a  ESccharine  (rac- 
turc,  baring  translucent  edges;  under  the  blowpipe 
givcM  wit  miirh  vapour ;  it  frequently  includes  nests 
and  exceedingly  thin  layers  of  crystallised,  blackiab 
carbooato  of  liino.  I.<arge,  irregularly  tthaped  concre- 
tion! ( externa Uy  still  exhibiting  lines  of  aqiieoos 
<i«poiiilion)  -of  black isb-gray,  but  eometimes  white, 
ooersiely  and  brilliantly  crystallised,  bard  anhydrite, 
uboiind  within  the  common  gypnim.  Hillocks,  formed 
of  the  hardest  and  purest  varieties  of  the  white  gypsum, 
stand  lip  above  the  surrounding  part^  and  have  their 
nu^cet)  cracked  and  marked,  just  like  newly  baked 
breiid.  Tlier<-  is  much  pule  brown,  soft,  argil lacoous 
gypsum ;  and  there  were  some  intercalated  green  beds 
which  I  had  not  time  to  reach.  I  saw  only  one  frag- 
ment of  selenite  or  transparent  gypsum,  and  that 
perhaps  may  have  come  from  some  subsequently  formed 
vein.  From  the  mineialogical  characters  here  given, 
it  is  probable  that  these  gypseous  beds  have  undergone 
some  metamorphic  action.  The  strata  are  much  hidden 
by  detritus,  but  they  appeared  in  most  parts  to  be 
highly  inclined ;  and  in  an  adjoining  lofty  pinnacle  tbey 
could  be  distinctly  seen  bending  up,  and  becoming 
vertical,  conformably  with  the  underlying  porphyritic 
conglomerate.  In  very  many  parts  of  the  great  moun- 
tain-face [F],  composed  of  thin  gypseous  beds,  there 
were  innumerable  masses,  irregularly  shaped  and  not 
like  dikes,  yet  with  well-defined  edges,  nf  an  imperfectly 
granular,  pale  greenish  or  yellowish-white  rock,  essen- 
tially composed  of  feldspar,  with  a  little  chlorite  or 
bombicnde,  epidote,  iron-pyrites,  and  ferruginous  pow- 
der :  I  Wlieve  that  these  curious  trappean  masses  have 
been  injected  from  the  not  far  distant  mountain-masa 
[E]  of  andesite  whilst  still  fluid,  and  that  owing  to  the 
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softness  of  the  gypseous  strata  they  have  not  acquired 
the  ordinary  forms  of  dikes.  Subsequently  to  the 
injection  of  these  feldspathic  rocks,  a  great  dislocation 
has  taken  place;  and  the  much  shattered  gypseous 
strata  here  overlie  a  hillock  [G],  composed  of  vertical 
strata  of  impure  b'mestone  and  of  black  highly  calcare- 
ous shale  including  threads  of  gypsum  :  these  rocks,  as 
we  shall  presently  see,  belong  to  the  upper  parts  of  the 
gypseous  series,  and  hence  must  here  have  been  thrown 
down  by  a  vast  fault. 

Proceeding  up  the  valley-basin  of  the  Yeso,  and 
taking  our  section  sometimes  on  one  hand  and  some- 
times on  the  other,  we  come  to  a  great  hill  of  stratified 
porphyritic  conglomerate  [H]  dipping  at  45**  to  the 
west;  and  a  few  himdred  yards  farther  on,  we  have  a 
bed  between  300  or  400  feet  thick  of  gypsum  [I]  dip- 
ping eastward  at  a  very  high  angle  :  here  then  we  have 
a  &ult  and  anticlinal  axis.  On  the  opposite  side  of 
the  valley,  a  vertical  mass  of  red  conglomerate,  con- 
formably underlying  the  gypsum,  appears  gradually  to 
lose  its  stratification  and  passes  into  a  mountain  of 
porphyry.  The  gypsum  [I]  is  covered  by  a  bed  [K], 
at  least  1,000  feet  in  thickness,  of  a  purplish-red, 
compact,  heavy,  fine-grained  sandstone  or  mudstone, 
which  fuses  easily  into  a  white  enamel,  and  is  seen 
under  a  lens  to  contain  triturated  crystals.  This  is 
succeeded  by  a  bed  [L],  1,000  feet  thick  (I  believe  I 
understate  the  thickness)  of  gypsum,  exactly  like  the 
beds  before  described;  and  this  again  is  capped  by 
another  great  bed  [M]  of  piurplisli-red  sandstone.  All 
these  strata  dip  eastward ;  but  the  inclination  becomes 
less  and  less,  as  we  leave  the  first  and  almost  vertical 
bed  [I]  of  gypsum. 

Leaving  the  basin-plain  of  Yeso,  the  road  rapidly 
ascends,  passing  by  mountains  composed  of  the  gypseous 
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and  associated  beds,  with  tbcir  stiatificatian  grefttljr 
disturbed  and  therefore  not  easily  intelligible:  hence 
tliifi  part  of  tilt  section  bas  been  Irfb  imeolonred. 
Sbortly  before  reachin^r  tbe  great  Peuquenes  ridge,  the 
lowE«t  stiatum  visible  [N]  i?  a  red  randstone  or  mud- 
stone,  capped  bj  a  vast  thickness  of  black,  compact, 
calcareous,  dialy  rock  [(1],  which  has  been  thrown 
into  four  lofty,  though  small  ridges :  looking  north\nird, 
tlie  strata  in  these  ridges  are  seen  gradually  to  rise  in 
inclinatioa,  becoming  in  some  distant  pinnacles  abeo- 
lutely  vertical. 

The  ridge  of  Feuquenes,  wliich  divides  tbe  nateiB 
flowing  into  the  Pacific  and  Atlantic  Oceans,  extends  in 
a  nearly  NNli\'.  and  SSE.  line ;  it«  strata  dip  eastward 
at  an  anglo  of  l«-fween  30°  and  45°,  but  in  the  hi[;h(T 
peaks  bending  up  and  becoming  almost  vertical.  Where 
the  road  crosses  this  range,  the  height  is  13,210  feet 
above  the  sea-level,  and  I  estimated  the  neighbouring 
pinnacles  at  from  14,000  to  15,000  feet.  The  lowest 
stratum  visible  in  tliis  ridge  is  a  red  stratified  sandstone 
[P] ;  on  it  are  superimposed  two  great  masses  [Q  and 
S]  of  black,  hard,  compact,  even  having  a  conchoidal 
fracture,  calcareous,  more  or  less  laminated  shale,  pass- 
ing into  limestone  ;  this  rock  contains  organic  retnaine, 
presently  to  be  enumerated.  The  compacter  varieties 
fuse  easily  in  a  white  glass  ;  and  this  I  may  add  is  a 
very  general  character  with  all  the  sedimentary  beds  in 
the  Cordillera:  although  this  rock  when  broken  is 
generally  quite  black,  it  everywhere  weathers  into  an 
ash-gray  tint.  Between  these  two  great  masses  [Q  and 
S],  a  bed  [H]  of  gypsum  is  interposed,  about  300  feet 
in  thickness,  and  having  the  same  characters  as  hereto- 
fore described.  I  estimated  the  total  thickness  of  these 
three  beds  [Q,  E,  S]  at  nearly  3,000  feet ;  and  to  this 
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must  be  added,  as  will  be  immediately  seen,  a  great 
overlying  mass  of  red  sandstone. 

In  descending  the  eastern  slope  of  tliis  great  central 
range,  the  strata,  which  in  the  upper  part  dip  eastward 
at  about  an  angle  of  40**,  become  more  and  more  curved, 
till  they  are  nearly  vertical ;  and  a  little  farther  onwards 
there  is  seen  on  the  farther  side  of  a  ravine,  a  thick 
mass  of  strata  of  bright  red  sandstone  [T],  with  their 
upper  extremities  slightly  curved,  showing  that  they 
were  once  conformably  prolonged  over  the  beds  [S] : 
on  the  southern  and  opposite  side  of  the  road,  this  red 
sandstone  and  the  underlying  black  shaly  rocks  stand 
vertical,  and  in  actual  juxtaposition.  Continuing  to 
descend^  we  come  to  a  synclinal  valley  filled  with 
rubbish,  beyond  which  we  have  the  red  sandstone  [T  ^J 
corresponding  with  [T],  and  now  dipping,  as  is  seen 
both  north  and  south  of  the  road,  at  45**  to  the  west ; 
and  under  it,  the  beds  [S  ^  E «,  Q  \  and  I  believe  P «] 
in  corresponding  order  and  of  similar  composition,  with 
those  on  the  western  flank  of  the  Peuquenes  range,  but 
dipping  westward.  Close  to  the  synclinal  valley  the 
dip  of  these  strata  is  45°,  but  at  the  eastern  or  farther 
end  of  the  series  it  increases  to  60**.  Here  the  great 
gypseous  formation  abruptly  terminates,  and  is  suc- 
ceeded eastward  by  a  pile  of  more  modern  strata. 
Considering  how  violently  these  central  ranges  have 
been  dislocated,  and  how  very  numerous  dikes  are  in 
the  exterior  and  lower  parts  of  the  Cordillera,  it  is 
remarkable  that  I  did  not  here  notice  a  single  dike. 
The  prevailing  rock  in  this  neighbourhood  is  the  black, 
calcareous,  compact  shale,  wliilst  in  the  valley-basin  of 
the  Yeso  the  purplish  red  sandstone  or  mudstone  pre- 
dominates,— both  being  associated  with  gypseous  strata 
of  exactly  the  same  nature.  It  would  be  very  diflRcult 
to  ascertain  the  relative  superposition  o?  t\i^^ei  ^^-^i^x'aX. 


I 


iBWMs,  for  we  aball  aftenrwd*  see  in  the  Ounbre  Pax 
tint  the  gjpaeAus  and  intenaUtcd  beds  are  taw-shaped, 
sod  that  they  this  oat,  ereo  where  reiy  thick,  aod 
dimpptar  in  fbort  borizoDtal  «h«>»ti««  ;  it  U  quite 
poMJble  that  the  Uack  shales  and  red  flandstoDc^  may 
be  eoDt^mponuwoaa,  but  it  is  more  probable  that  the 
former  compose  thr-  uppermost  parts  of  tbe  eerieti. 

Tti^  fos&iLi  above  aUuded  to  in  the  black  calcaieoos 
■bale*  are  few  in  number,  and  are  in  an  imperfect 
eooditioa ;  tbev  eonsist,  as  named  for  me  t^  M.  d'Oi^ 
bigny,  of— 

I.  ARBnuiiite.  iadrtenniiublF.  near  u  A.  rtrlimtmlta,  UOAi^.  'AL 

Fnac'  (Xrotmniaa  fonnUioii). 
S.  Om^iuk,  near  la  G.  Ceuloai  (Kcocomiui  fgmwtiosi  of  i'naotati 

3.  Sntiea,  JDtlsiaviiniiblfl. 

4.  Cyprin«  roatnU,  If'Orlng.  •  P»l.  Frsnt*  (Neommianfi^matioD). 

5.  luHrtAlUrtu  aiigaloia  (?)  D'Orbtg. '  PaL  de  TAm^.  Mer.' 

0.  T«rebntola? 

8ome  of  the  fragmcnte  of  Ammonites  were  as  thick 
as  a  man's  arm :  the  GryphsBa  is  much  the  most 
abundant  shell.  These  fossils  M.  d'Orbignr  considers 
as  belonging  to  the  Neocomian  stage  of  the  Cretaceous 
system.  Dr.  Meyen,'  who  ascended  the  valley  of  the 
Bio  Volcan,  a  branch  of  the  Yeso,  found  a  nearly 
similar,  but  apparently  more  calcareous  formation,  with 
much  gypKiim,  and  no  doubt  the  equivalent  of  that 
here  described  :  the  beds  were  vertical,  and  were  pro- 
longed up  to  the  limits  of  perpetual  snow  :  at  the  height 
of  9,000  feet  above  the  sea,  they  abounded  with  fossils, 
consisting,  iicconling  to  Von  Buch,'  of — 

1.  Exoftym  (Gry|ilia-ii)  Cuiiloni.  iiliMilutcIy  identical  with  Bperimeni 

from  tile  Jiirn  nnd  Snuth  of  Fnince. 

2.  TrigoDin  cfistatii,   )    idunticnl   nith   those   found   in  ths  upper 

3.  I'l-cteit  Htrialuf,      /  Jurassic  bods  at  HildoBlii^im. 
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4.  Cncnllea,  corresponding  in  form  to  C,  UmffirottrUj  so  frequent  in 

the  npper  Jorassic  beds  ofWestphalia. 
6.  Ammonites,  resembling  A.  hiplex. 

Yon  Buch  concludes  that  this  formation  is  intermediate 
between  the  limestone  of  the  Jura  and  the  chalk,  and 
that  it  is  analogous  with  the  uppermost  Jurassic  beds 
forming  the  plains  of  Switzerland.  Hence  M.  d'Orbigny 
and  Von  Buch,  under  diCFerent  terms,  compare  these 
fossils  to  those  from  the  same  late  stage  in  the  Secondary 
formations  of  Europe. 

.  Some  of  the  fossils  which  I  collected  were  found  a 
good  way  down  the  western  slope  of  the  main  ridge, 
and  hence  must  originally  have  been  covered  up  by  a 
great  thickness  of  the  black  shaly  rock,  independently 
of  the  now  denuded,  thick,  overlying  masses  of  red 
sandstone.  I  neglected  at  the  time  to  estimate  how 
many  hundred  or  rather  thousand  feet  thick  the 
superincumbent  strata  must  have  been :  and  I  will 
not  now  attempt  to  do  so.  This,  however,  would  have 
been  a  highly  interesting  point,  as  indicative  of  a  great 
amount  of  subsidence,  of  which  we  shall  hereafter  find 
in  other  parts  of  the  Cordillera  analogous  evidence 
during  this  same  period.  The  altitude  of  the  Peu- 
queues  Range,  considering  its  not  great  antiquity,  is 
very  remarkable  ;  many  of  the  fossils  were  embedded  at 
the  height  of  13,210  feet,  and  the  same  beds  are  pro- 
longed up  to  at  least  from  14,000  to  15,000  above  the 
level  of  tlie  sea. 

The  PoHillo  or  Eastern  Chain. — The  valley  of 
Tenuyan,  separating  the  Peuquenes  and  Portillo  lines, 
is,  as  estimated  by  Dr.  Gillies  and  myself,  about  twenty 
miles  in  width ;  the  lowest  part,  where  the  road  crosses 
the  river,  being  7,500  feet  above  the  sea-level.  The 
pass  on  the  Portillo  line  is  14,365  feet  high  (1,100  feet 
higher  than  that  on  the  Peuquenes),  and  the  neigh- 
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bouring  pinnacles  must,  I  conceive,  riae  to  nearly  16,000 
feet  above  tbe  sea.  The  river  draining  the  intermediate 
vallfiy  of  Tiinuyan,  passes  through  the  Portillo  line. 
To  return  to  our  section  ; — shortly  after  leaving  the 
lower  lieds  [i"]  of  the  gypseouB  formation,  we  come  to 
^and  masses  of  a  coarse,  red  conglomerate  [V],  totally 
tmlike  any  strata  hitherto  seen  in  the  Cordillera.  This 
conglomerate  id  distinctly  stratified,  some  of  the  beds 
being  well  defined  by  the  greater  size  of  the  pebbles :  the 
cement  ie  calcareoue  and  sometimes  crystalline,  though 
the  mass  shows  no  signs  of  having  been  metamorphosed^ 
The  included  pebbles  are  either  perfectly  or  only  par- 
tiiiily  rounded  :  they  consist  of  purplish  sandstones,  of 
various  porphyries,  of  browniph  limestone,  of  black 
calcareous,  compact  shale  precisely  like  that  in  situ  in 
the  Peuquenes  range,  and  containing  some  of  the  same 
fossil  sliellH ;  also  very  many  pebbles  of  quartz,  some  of 
micaceous  schist,  and  numerous,  broken,  rounded  ciy»- 
tala  of  a  reddish  orthitic  or  potash  feldspar  (as  deter- 
mined by  Professor  Miller),  and  these  from  their  size 
must  have  been  derived  from  a  coarse-grained  rock, 
probably  granite.  From  this  feldspar  being  orthitic, 
and  even  from  its  external  appearance,  I  venture  posi- 
tively to  affirm  that  it  has  not  been  derived  from  the 
rocks  of  the  western  ranges ;  but,  on  the  other  hand, 
it  may  well  have  come,  together  with  the  quartz  and 
metamorphic  schists,  from  the  eastern  or  Portillo  line, 
for  this  line  mainly  consists  of  coarse  orthitic  granite. 
The  pebbles  of  the  fossiliferous  slate  and  of  the  purple 
sandstone,  certainly  have  been  derived  from  the  Peu- 
quenes or  western  ranges. 

The  road  crosses  the  valley  of  Teniiyan  in  a  nearly 
east  and  west  line,  and  for  several  miles  we  have  on 
both  hands  the  conglomerate,  everywhere  dipping  weet 
and   forming   separate  great   mountains.     The  strata. 
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where  first  met  with,  after  leaving  the  gypseous  forma- 
tion, are  inclined  westward  at  an  angle  o£  only  20°, 
which  farther  on  increases  to  about  45^  The  gypseous 
strata,  as  we  have  seen,  are  also  inclined  westward: 
hence,  when  looking  &om  the  eastern  side  of  the  valley 
towards  the  Peuquenes  range,  a  most  deceptive  appear- 
ance is  presented,  as  if  the  newer  beds  of  conglomerate 
dipped  directly  under  the  much  older  beds  of  the 
gypseous  formation.  In  the  middle  of  the  valley,  a 
bold  mountain  of  unstratified  lilac-coloured  porphyry 
(with  crystals  of  hornblende)  projects ;  and  farther  on, 
a  little  south  of  the  road,  there  is  another  moimtain, 
with  its  strata  inclined  at  a  small  angle  eastwards,  which 
in  its  general  aspect  and  colour,  resembles  the  porphy-* 
ritic  conglomerate  formation,  so  rare  on  this  side  of  the 
Peuquenes  line  and  so  giandly  developed  throughout 
the  western  ranges. 

The  conglomerate  is  of  great  thickness :  I  do  not 
suppose  that  the  strata  forming  the  separate  mountain- 
masses  [V,  V,  V]  have  ever  been  prolonged  over  each 
other,  but  that  one  mass  has  been  broken  up  by  several, 
distinct,  parallel,  uniclinal  lines  of  elevation.  Judging 
therefore  of  the  thickness  of  the  conglomerate,  as  seen 
in  the  separate  mountain-masses,  I  estimated  it  at  least 
from  1,500  to  2,000  feet.  The  lower  beds  rest  con- 
formably on  some  singularly  coloured,  soft  strata  [W], 
which  I  could  not  reach  to  examine ;  and  these  again 
rest  conformably  on  a  thick  mass  of  micaceous,  thinly 
laminated,  siliceous  sandstone  [X],  associated  with  a 
little  black  clay-slate.  These  lower  beds  are  traversed 
by  several  dikes  of  decomposing  porphyry.  The  lami- 
nated sandstone  is  directly  superimposed  on  the  vast 
masses  of  granite  [Y,  Y]  which  mainly  compose  tlie 
Portillo  range.  The  line  of  junction  between  this 
latter  rock,  which  is  of  a  bright  red  colour,  and  the 
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wliituh  ■amlftom*  wss  bnutifullj  dietinct;  the  maA- 
eione  being  penetrated  hj  DumeKKU,  graai,  toctuMM 
dikpfl  loaocbing  from  the  gnoite,  nnd  haviDg  iona 
ooaTettcd  into  a  granular  (quartz  rock  (singularlT  like 
that  of  the  Falkland  lelaods).  cnntaining  specks  of  an 
oehery  pcrwder.  and  black  ciyvtallitie  atoms,  apparently 
frf  impei&ct  mica.  The  quartnwe  strata  in  one  ipot 
were  foMed  into  a  regolar  dome. 

Tbe  granite  which  comptwes  the  magnificent  bale 
pinTUi<-te>  and  tbe  steep  western  Sank  of  tbe  PortJUo 
f-hiiin,  is  of  a  brick-red  colour,  <;oanely  cnretalliied,  aad 
composMl  of  orthitic  or  pota^  fe-ldqiar,  quartz,  and  im- 
perfect mica  in  small  qoantitv,  Eometimes  paisiii^  into 
chlorite'.  These  minends  ocea^onally  aseome  a  hminur 
<iT  f  .liatM  arraiiKemf-nt.  TLf  ftict  f.l"  tlie  fel'iipar  being 
ortbitic  in  this  range,  is  very  remarkable,  considoing 
how  rare,  or  rather,  as  I  believe,  entirely  absent,  tlus 
mineral  is  throughout  the  western  ranges,  in  which 
soda-feldspar,  or  at  least  a  variety  cleaving  like  alhite, 
is  so  extremely  abundant.  In  one  spot  on  the  weston 
flank,  and  on  the  eaittem  flank  near  Los  Manantiales 
and  near  tbe  crest,  I  noticed  some  great  masses  at  a 
whitish  granite,  parts  of  it  fine-drained,  and  parts  oao- 
taining  large  crystals  of  feldspar ;  I  neglected  to  ooUeet 
specimens,  so  I  do  not  know  whether  this  feldspar  is 
also  ortbitic,  though  I  am  inclined  to  think  so  fimn  its 
general  appearance.  I  saw  also  some  syenite  and  one 
mass  which  resembled  andesite,  but  of  which  I  likewise 
neglected  to  collect  specimens.  From  the  manner  in 
which  the  whitish  granites  formed  §ep&rate  momitain- 
inasses  in  the  midst  of  the  brick-red  variety,  and  fitjni 
one  such  mass  near  the  crest  being  traversed  by  nume- 
rous veins  of  flesh-coloured  and  greenish  eurite  (into 
which  I  occasionally  observed  the  brick-red  granite 
inseoBibly  paseing),  I  conclude  that  the  white  granites 
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probably  belong  to  an  older  formation,  almost  over^ 
whelmed  and  penetrated  by  the  red  granite. 

On  the  crest  I  saw  also,  at*  a  short  distance,  some 
coloured  stratified  beds,  apparently  like  those  [W]  at 
the  western  base,  but  was  prevented  examining  them 
by  a  snow-storm :  Mr.  Caldcleugh,^  however,  collected 
here  specimens  of  ribboned  jasper,  magnesian  lime- 
stone, and  other  minerals.  A  little  way  down  the 
eastern  slope  a  few  fragments  of  quartz  and  mica-slate 
are  met  with  ;  but  the  great  formation  of  this  latter 
rock  [Z],  which  covers  up  much  of  the  eastern  flank 
and  base  of  the  Portillo  range,  cannot  be  conveniently 
examined  until  much  lower  down  at  a  place  called  Mai 
Paso.  The  mica-schist  here  consists  of  thick  layers 
of  quartz,  with  intervening  folia  of  finely-scaly  mica, 
often  passing  into  a  substance  like  black  glossy  clay- 
slate  in  one  spot,  the  layers  of  quartz  having  disap- 
peared, the  whole  mass  became  converted  into  glossy 
clay-slate.  Where  the  folia  were  best  defined,  they 
were  inclined  at  a  high  angle  westward,  that  is,  towards 
the  range.  The  line  of  junction  between  the  dark 
mica-slate  and  the  coarse  red  granite  was  most  clearly 
distinguishable  from  a  vast  distance  :  the  granite  sent 
many  small  veins  into  the  mica-slate,  and  included 
some  angular  fragments  of  it.  As  the  sandstone  on  the 
western  base  has  been  converted  by  the  red  granite  into 
a  granular  quartz-rock,  so  this  great  formation  of  mica- 
schist  may  possibly  have  been  metamorphosed  at  the 
same  time  and  by  the  same  means  ;  but  I  think  it 
more  probable,  considering  its  more  perfect  metamor- 
phic  character  and  its  well-pronounced  foliation,  tliat  it 
belongs  to  an  anterior  epoch,  connected  with  the  white 
granites  :  I  am  the  more  inclined  to  this  view,  from 
having  found  at  the  foot  of  the  range  the  mica-schist 
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Mimninding  a  hiimmuck  [Y  *],  ezclusirelj  composed  at 
white  gmnite.  Near  Los  Arenales,  the  mouotaiiu  cm 
all  Hides  are  compodeil  (jf  the  mica-«late ;  aod  lookiiig 
backwards  from  this  point  up  to  the  bare  gigantic 
PGkIck  abovK,  the  view  was  eminently  interesting.  The 
coIoiiTB  of  the  red  granite  and  the  black  mica-slate  are 
•fj  (lintinct,,  that  with  a  bright  light  these  rocks  ctnild 
be  readily  dilitingiiiiihecl  even  from  the  Pampaa,  at  a 
level  uf  at  leant  9,000  feet  below.  The  red  granite, 
from  liuiiig  divided  by  parallel  joints,  has  weathered 
iiitu  Hharp  pinna^iIcM,  on  8ome  of  which,  even  on  some 
of  th(i  lofticHt,  little  caps  of  mica-schist  coidd  be  clearly 
aecoi :  here  and  there  isolated  patches  of  this  rock 
wQiered  to  the  mountain-flanks,  and  these  often  corre- 
apondcl  in  hi-ight  and  posiMon  on  the  oppo^it-e  sides  of 
tbe  immense  valleys.  Lower  down  the  schist  prevailed 
more  and  more,  with  only  a  few  quite  small  points  of 
granite  projecting  through.  Looking  at  the  entire 
eastern  face  of  tbe  Portillo  range,  the  red  colour  far 
exceeds  in  area  the  black ;  yet  it  was  scarcely  possible 
to  doubt  that  tbe  granite  had  once  been  almost  vholly 
encased  by  the  mica-schist. 

At  Los  Arenales,  low  down  on  the  eastern  flank,  the 
mica-slate  is  traversed  by  several  closely  adjoining, 
broad  dikes,  parallel  to  each  other  and  to  the  foliation 
of  the  schist.  The  dikes  are  formed  of  three  difierent 
varieties  of  rock,  of  which  a  pale  brown  feldspsthic 
porphyry  with  gmins  of  quartz  was  much  the  most 
abundant.  These  dikes  with  their  granules  of  quarts, 
as  well  as  the  mica-schist  itself,  strikingly  resemble  the 
rocks  of  the  Chonos  Archipelago.  At  a  height  of  about 
1,200  feet  above  the  dikes,  and  perhaps  connected  with 
them,  there  is  a  range  of  cliffs  formed  of  successive 
lava-streams  [A  A],  between  300  and  400  feet  in  thick- 
ness, and  in  places  finely  columnar.     The  lava  consists 
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of  dark-grayish,  harsh  rocks,  intermediate  in  character 
between  trachyte  and  basalt,  containing  glassy  feldspar, 
olivine,  and  a  little  mica,  and  sometimes  amygdatoidal 
with  zeolite  :  the  basis  is  either  quite  compact,  orcrenu- 
lated  with  air-vesicles  arranged  in  laminae.  The 
streams  are  separated  from  each  other  by  beds  of  frag- 
mentary brown  scoriae,  firmly  cemented  together,  and 
including  a  few  well-rounded  pebbles  of  lava.  From 
their  general  appearance,  I  suspect  that  these  lava- 
streams  flowed  at  an  ancient  period  under  the  pressure 
of  the  sea,  when  the  Atlantic  covered  the  Pampas  and 
washed  the  eastern  foot  of  the  Cordillera.^  On  the 
opposite  and  northern  side  of  the  valley  there  is  another 
line  of  lava-clifiFs  at  a  corresponding  height ;  the  valley 
between  being  of  considerable  breadth,  and  as  nearly  as 
I  could  estimate  1,500  feet  in  depth.  This  field  of 
lava  is  confined  on  both  sides  by  the  mountains  of 
mica-schist,  and  slopes  down  rapidly  but  irregularly  to 
the  edge  of  the  Pampas,  where,  having  a  thickness  of 
about  200  feet,  it  terminates  against  a  little  range  of 
clay-stone  porphyry.  The  valley  in  this  lower  part 
expands  into  a  bay-like,  gentle  slope,  bordered  by  the 
cliffs  of  lava,  which  must  certainly  once  have  extended 
across  this  wide  expanse.  The  inclination  of  the 
streams  from  Los  Arenales  to  the  mouth  of  the  valley  is 
so  great,  that  at  the  time  (though  ignorant  of  M.  Elie 
de  Beaumont's  researches  on  the  extremely  small  slope 
over  which  lava  can  flow,  and  yet  retain  a  compact 
structure  and  considerable  thickness)  I  concluded  that 
they   must   subsequently   to   their   flowing   have  been 

*  This  conclusion  might,  perhaps,  even  have  been  anticipated,  from 
the  general  rarity  of  volcanic  action,  except  near  the  sea  or  large  bodies 
of  water.  Conformably  with  this  rule,  at  the  present  day,  there  are  no 
active  volcanos  on  this  eastern  side  of  the  Cordillera ;  nor  are  severe 
earthquakes  experienced  here. 
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iiphwived  and  tilted  from  the  iiKrantoins:  of  this  coo- 
cliui'm  I  van  now  iMitrrtfiin  not  the  smallest  clonbt. 

At  thu  month  of  tht  vnilcr,  within  the  cliffs  of  tlio 
above  luviv-ficl'l,  thi»ri-  are  remnants,  in  ll)e  form  of 
separate  small  hillockx  and  of  Hnet.  of  low  cliffs,  of  a 
etmiiiflernhle  deporit  of  compact  white  tuff  (qiiirried  for 
ftHerinj{-xt«ne«),  compo(«^  of  hroken  piiraice,  volcanic 
oryntaN,  »cales  of  mica,  and  fragments  of  lava.  This 
rnunK  lian  >niffi!re<I  much  denudntion.  and  the  hard  mica- 
•chiflt  had  hecn  deeply  worn,  since  the  period  of  its 
deposition  ;  and  thi«  period  mnat  have  heen  mihseqacnt 
to  tJio  denudation  of  tho  beisaltic  lava-atreams,  as  at- 
tMited  Ijy  thftir  eneireling  cUffs  etandi&g  at  a  higher 
level.  At  tV*  present  day,  under  the  existinij  arid 
climnd',  sigi'-j  mi^'lil  roll  yn^i  wiihmit  a  s'jiiare  yard  of 
rock  of  any  kind  being  denuded,  except  perhaps  in  the 
rarely  moifltened  drainage-channel  of  the  valley.  Must 
ve  then  look  back  to  that  ancient  period,  when  the 
waves  of  the  sea  heat  against  the  eastern  foot  of  the 
Cordillera,  for  a  power  aufficient  to  denude  eitensively, 
though  superficially,  this  tufaceous  deposit,  soft  al- 
though it  be  ? 

There  remains  only  to  mention  some  little  watet^ 
worn  hillocks  [B  B],  a  few  hundred  feet  in  height,  and 
mere  mole-hills  compared  with  the  gigantic  mountains 
behind  them,  which  rise  out  of  the  sloping,  shinglft- 
covered  margin  of  the  Pampas.  The  first  little  range 
is  composed  of  n  brecciated  purple  porphyritic  clay- 
stone,  with  obscurely  markcil  strata  dipping  at  70°  to 
the  SW. ;  the  other  ranges  consist  of— a  pale-coloured 
feldspathic  porphyry, — a  purple  clay-stone  porphyry 
with  grains  of  quartz, — and  a  rock  almost  exclusively 
composed  of  brick-red  crystals  of  feldspar.  These 
outermost  small  lines  of  elevation  extend  in  a  NW.  by 
W.  and  SE.  by  S.  direction. 
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Cand/uding  Rmnarhs  on  the  Portillo  Range. — ^When 
on  the  Pampas  and  looking  southward,  and  whilst  travel- 
ling northward,  I  could  see  for  very  many  leagues  the 
red  granite  and  dark  mica-schist  forming  the  crest  and 
eastern  flank  of  the  Portillo  line.  This  great  range, 
according  to  Dr.  Grillies,  can  be  traced  with  little  inter- 
ruption for  140  miles  southward  to  the  B.  Diamante, 
where  it  unites  with  the  western  ranges :  northward, 
according  to  this  same  author,  it  terminates  where  the 
B.  Mendoza  debouches  from  the  mountains  ;  but  a 
little  farther  north  in  the  eastern  part  of  the  Cumbre 
section,  there  are,  as  we  shall  hereafter  see,  some 
mountain-masses  of  a  brick-red  porphyry,  the  last  in- 
jected amidst  many  other  porphyries,  and  having  so 
close  an  analogy  with  the  coarse  red  granite  of  the  Por- 
tillo line,  that  I  am  tempted  to  believe  that  they  belong 
to  the  same  axis  of  injection ;  if  so,  the  Portillo  line  is 
at  least  200  miles  in  length.  Its  height,  even  in  the 
lowest  gap  on  the  road,  is  14,365  feet,  and  some  of  the 
pinnacles  apparently  attain  an  elevation  of  about 
16,000  feet  above  the  sea.  The  geological  history  of 
this  grand  chain  appears  to  me  eminently  interestinrr. 
We  may  safely  conclude,  that  at  a  former  period  the 
valley  of  Teuuyan  existed  as  an  arm  of  the  sea,  about 
twenty  miles  in  widtli,  bordered  on  one  hand  by  a  ridge  * 
or  chain  of  islets  of  the  black  calcareous  shales  and 
purple  sand^tones  of  tlie  Gypseous  formation  ;  and  on 
the  other  hand,  by  a  ridge  or  chain  of  islets  composed 
of  mica-slate,  white  granite,  and  perhaps  to  a  partial 
extent  of  red  granite.  These  two  chains,  whilst  thus 
bordering  the  old  sea-channel,  must  have  been  exposed 
for  a. vast  lapse  of  time  to  alluvial  and  littoral  action, 
during  which  the  rocks  were  shattered,  the  fragments 
rounded,  and  the  strata  of  conglomerate  accumulated 
to  a  thickness  of  at  least  1,500  or  2,000   feet.     The 
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nd  ortbitic  gtaaite  now  femu,  aa  i^  bare  koi,  the 
mail  port  of  tbe  Portlllo  ebaia  :  it  i*  injected  in  dikes 
not  only  into  tbe  aacar^ebiat  and  white  gianitea,  bat 
into  t>i«  Umlruted  nndntoDe,  which  it  has  metaiiMB- 
phitmxl,  and  which  it  has  thrown  o^  together  vitli  the 
eotif'imiably  overlying  coloured  beds  and  "'^^tifiM 
cont^lornemte,  at  an  angle  of  fo[ty-6ve  degrees.  To 
lu«»  thrown  off  w>  vast  a  [»le  of  etrzta  at  this  ai^le, 
ia  a  proof  that  the  main  part  of  the  red  granite, 
(wbetbur  or  not  portionx,  at  perhaps  is  profaablCc 
previoiulj  exiated )  was  jDJected  in  a  liquifi«d  state  after 
tbe  acciuntUatioo  Iwth  of  the  laminated  aandstooe  and 
of  tbe  cooglomenite ;  thin  conglomemte,  we  know,  was 
accnmiilntvd,  not  only  after  the  depoBition  of  tbe  foasil- 
ifiT'iUB  t'trat-i  of  lln-  Peiiqiienes  line,  hut  after  their 
elevation  and  long-coniinoed  denndation  : '  and  these 
foMiliferoiu  strata  belong  to  the  early  part  of  the 
CretaceouM  Hystem.  Late,  therefore,  in  a  geological 
«enw!,  as  must  be  the  age  of  the  main  part  of  the  red 
granite,  I  can  conceive  nothing  more  impressive  than 
the  eastern  view  of  this  great  range,  as  forcing  the  mind 
to  grapple  with  the  idea  of  the  thonsands  of  ttiousands 
of  years  requisite  for  the  denudation  of  the  strata 
which  origiuidly  encased  it, — for  that  the  floidified 
granite  was  once  encased,  its  mineialogical  composition 
and  structure,  and  the  bold  conical  shape  of  the  moun- 
tain-maHses,  yield  sufficient  evidence.  Of  the  encasing 
strata  we  see  the  last  vestiges  in  the  coloured  beds  on 
the  cretft,  in  tlie  little  caps  of  mica-schist  on  some  of 
the  loftiest  pinoacleB,  and  in  the  isolated  patches  of  this 
same  rock  at  corresponding  heights  on  the  now  bare  and 
steep  flanks. 

The  lava-streams  at  the  eastern  foot  of  the  Portillo 
are  interesting,  not  so  much  from  tbe  great  denudation 
vhich  they  have  suffered  at  a  comparatively  late  period 
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as  from  the  evidence  they  afford  by  their  inclination 
taken  conjointly  with  their  thickness  and  compactness, 
that  after  the  great  range  had  assumed   its  present 
general  outline,  it  continued  to  rise  as  an  axis  of  eleva- 
tion.     The   plains   extending  from  the  base   of  the 
Cordillera  to  the  Atlantic  show  that  the  continent  has 
been  upraised  in  mass  to  a  height  of  3,500  feet,  and 
probably  to  a  much   greater  height,   for  the   smooth 
shingle-covered  margin  of  the  Pampas  is  prolonged  in  a 
gentle  unbroken  slope  far  up  many  of  the  great  valleys. 
Nor  let  it  be  assumed  that  the  Peuquenes  and  Portillo 
ranges  have  undergone  only  movements  of  elevation ; 
for  we  shall  hereafter  see,  that  the  bottom  of  the  sea 
subsided  several  thousand  feet  during  the  deposition  of 
strata,  occupying  the  same  relative  place  in  the  Cor- 
dillera, with  those  of  the*  Peuquenes  ridge ;  moreover, 
we  shall  see  from  the  unequivocal  evidence  of  buried 
upright  trees,  that  at  a  somewhat  later  period,  during 
the  formation  of  the  Uspallata  chain,  which  corresponds 
geographically   with  that  of  the   Portillo,   tliere   was 
another  subsidence  of  many  thousand  feet :  here,  in- 
deed, in  the  valley  of  Tenuyan,  the  accumulation  of  the 
coarse  stratified  conglomerate  to  a  thickness  of  1,500 
or  2,000  feet,  offers  strong  presumptive  evidence  of 
subsidence  ;  for  all  existing  analogies  lead  to  the  belief 
that  large  pebbles  can  be  transported  only  in  shallow 
water,  liable  to  be  affected  by  currents  and  movements 
of  undulation — and  if  so,  the  shallow  bed  of  the  sea  on 
which  the  pebbles  were  first  deposited  must  necessarily 
have  sunk  to  allow  of  the  accumulation  of  the  super- 
incumbent strata.     What  a  history  of  changes  of  level, 
and  of  wear  and  tear,  all  since  the  age  of  the  latter 
Secondary  formations  of  Europe,  does  the  structure  of 
this  one  great  mountain-chain  reveal ! 
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r  eoaller  seal*,  to  tbat  <<{  rhr-  PortilLv  Xear  Ibe 
poiDt  'arbere  the  rirer  Acooca^tn  debooches  on  the  \msD 
[dain  of  the  same  iiame.  at  ■  height  of  aboat  2,300  feet 
above  the  sea.  we  meet  with  the  asml  purple  and 
greenish  p.>rpb_7TiTio  ctar-stooe  coi^omerale.  Betb  of 
this  nature,  alternation  with  numerous  compact  and 
amvgdaioidai  porphyrie*,  which  bare  flowed  as  ?qI>- 
marine  lai-as,  and  a^soeiated  with  great  moantaiit- 
maf^e:^  of  variotis,  injected,  ncn-stratified  porphyries, 
are  prolonged  the  whole  distance  up  to  the  (.'umhre  or 
central  ridge.  One  oi'  the  commonest  stratified  por- 
phjries  13  of  a  green  colour,  highly  amvgdaloidal  with 
the  tariou:  mineralj  described  in  the  preliminary  di»- 
cuasi'in,  and  including  fine  tabular  crrstals  of  all^te. 
The  mountain-range  north  (nfien  with  a  little  westing) 
and  south.  The  stra  till  cat  ion,  wherever  I  could  clesilT 
dis^tinguiih  it,  was  inclined  westward  or  towards  tbe 
Pacihc,  and,  except  near  the  Ciimbre,  seldom  at  aoeles 
alwve  25°.  Only  at  one  spot  on  this  western  side,  on  a 
loftv  pinnacle  not  far  from  the  Cumbre,  I  saw  strata 
.  apparently  belonging  Vo  the  Gvpseooa  formation,  and 
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conformably   capping  a  pile  of  stratified    porphyries. 
Hence,  both  in  composition  and  in  stratification,  the 
structure   of   the  mountains  on  this  western  side   of 
the  divorti/u/m  aquaruw^  is  fiir  more  simple  than  in  the 
corresponding  part  of  the  Peuquenes  section.     In  the 
porphyritic   clay-stone  conglomerate,   the  mechanical 
structure  and  the  planes  of  stratification  have  generally 
been  much  obscured  and  even  quite  obliterated  towards 
the  base  of.  the  series,  whilst  in  the  upper  parts,  near 
the  summits  of  the  mountains,  both  are  distinctly  dis- 
played.    In   these  upper  portions  the  porphyries  are 
generally  lighter  coloured.     In  three  places  [X,  Y,  Z] 
masses  of  andesite  are  exposed :  at  [Y],  this  rock  con- 
tained some  quartz,  but  the  greater  part  consisted  of 
andesitic  porphyry,  with  only  a  few  well-developed  crys- 
tals of  albite,  and  forming  a  great  white  mass,  having 
the  external  aspect  of  granite,  capped  by  much  dark 
imstratified  porphyry.     In  many  parts  of  the  moun- 
tains, there  are  dikes  of  a  green  colour,  and  other  white 
ones,  which   latter  probably   spring  from   underlying 
masses  of  andesite. 

The  Cumbre,  where  the  road  crosses  it,  is,  according 
to  Mr.  Pentland,  12,454  feet  above  the  sea;  and  the 
neighbouring  peaks,  composed  of  dark  purple  and 
whitish  porphyries,  some  obscurely  stratified  with  a 
westerly  dip,  and  otliers  without  a  trace  of  stratification, 
must  exceed  13,000  feet  in  height.  Descending  the 
eastern  slope  of  the  Cumbre,  the  structure  becomes  very 
complicated,  and  generally  differs  on  the  two  sides  of 
the  east  and  west  line  of  road  and  section.  First  we 
come  to  a  great  mass  [A]  of  nearly  vertical,  singidarly 
contorted  strata,  composed  of  highly  compact  red  sand- 
stones, and  of  often  calcareous  conglomerates,  and  pene- 
trated by  green,  yellow,  and  reddish  dikes  ;  but  I  shall 
presently  have  au  opportunity  of  desctibixig  Sxv  ^orcafc 


detail  txt  aniiU^gona  pile  of  ttratM.  These  vertical  bada 
atf  abmiitly  saoceeded  by  otlwn  [B],  of  appsfvotly 
iwrarljr  tb^t  Mine  oatore  by  more  metamorpboeed,  aitcr* 
natiog  with  poqibyries  and  limenttraes ;  these  dtp  for  a 
thiiTL  tfMKe  westward,  bot  there  haa  be«n  here  an  extt»- 
onlinary  dinlocatioD,  wbtch,  on  tbe  north  dde  of  the 
mul,  npptan  t/i  have  det«nnmed  the  excavatioo  of  the 
north  and  wootb  valley  of  the  B.  de  la»  Cuerax.  Om 
tbti  tiortbero  side  of  the  road,  tb«  strata  [B]  are  pro- 
longed till  they  oome  in  close  contact  with  a  jagged 
lofty  motrntalB  [Dj  of  daric-colonrcd,  nnstiatified,  in- 
tnutve  porphyry,  where  the  beds  hare  been  more  higli^  _ 
inoliacd  and  atill  more  metaiDorphoeed.  This  monffM 
tnin  of  porphyry  »eemg  to  form  a  short  axis  of  eleTatroW^B 
f'.r  «'.ntli  of  th';  K.:i,l  in  its  lin.-,  tli'-ro  U  a  l,il!  [C] 
of  porpbyritic  conglomerate  with  absolutely  vertical 
fftrata. 

We  now  come  to  the  Gypseous  formation :  I  will 
iint  describe  the  structure  of  the  several  mountains,  and 
then  give  iu  one  section  a  detailed  account  of  the  nature 
of  the  rocks.  On  the  north  side  of  tbe  road,  which  here 
runs  in  an  east  and  west  valley,  tbe  mountain  of  por- 
phyry [D]  Ib  succeeded  by  a  hill  [E]  formed  of  Ihe 
upper  gypseous  strata  tilted,  at  an  angle  of  between 
70°  and  80°  to  tbe  west,  by  an  uniclinal  axin  of  elevation 
which  does  not  run  parallel  to  the  other  neighbouring 
ranges,  and  which  is  of  abort  length  ;  for  on  the  south 
side  of  the  valley  it*  prolongation  is  marked  only  by  a 
small  flexure  in  a  pile  of  strata  inclined  by  a  quit« 
separate  axis.  A  little  farther  on  the  north  and  south 
valley  of  Horcones  enters  nt  right  angles  our  line  of 
section ;  its  western  side  is  bounded  by  a  bill  of 
gypseous  strata  [F],  dipping  westward  at  about  45% 
and  its  eastern  side  by  a  mountain  of  similar  strata 
[G]  inclined  westward  atTCf,  aui  wic^tvmijoaed  ly  an 
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oblique  fault  on  another  mass  of  the  same  strata  [H], 
also  inclined  westward,  but  at  an  angle  of  only  about 
30°:  the  complicated  relation  of  these  three  masses 
[F,  G,  H]  is  explained  by  the  structure  of  a  great 
mountain-range  lying  someway  to  the  north,  in  which 
a  r^pilar  anticlinal  axis  (represented  in  the  section  by 
dotted  lines)  is  seen,  with  the  strata  on  its  eastern  side 
again  bending  up  and  forming  a  distinct  uniclinal  axis, 
of  which  the  beds  marked  [H]  form  the  lower  part. 
This  great  uniclinal  line  is  intersected,  near  the  Puente 
del  Inca,  by  the  valley  along  which  the  road  runs,  and 
the  strata  composing  it  will  be  immediately  described. 
On  the  south  side  of  the  road,  in  the  space  correspond- 
ing with  the  mountains  [E,  F  and  Gr],  the  strata  every- 
where dip  westward  generally  at  an  angle  of  30*^,  occa- 
sionally mounting  up  to  45°,  but  not  in  an  unbroken 
line,  for  there  are  several  vertical  faults,  forming 
separate  uniclinal  masses,  all  dipping  in  the  same 
direction, — a  form  of  elevation  common  in  the  Cordil- 
lera. We  thus  see  that  within  a  narrow  space,  the 
gypseous  strata  have  been  unheaved  and  crushed  to- 
gether by  a  great  uniclinal,  anticlinal,  and  one  lesser 
uniclinal  line  [E]  of  elevation  ;  and  that  between  these 
three  lines  and  the  Ciimbre,  in  the  sandstones,  con- 
glomerates and  porphyritic  formation,  there  have  been 
at  least  two  or  three  otlier  great  elevatory  axes. 

The  uniclinal  axis  [I]  intersected  near  the  Puente 
del  Inca  *  (of  which   the  strata  at   [H]   form  a  part) 

*  At  this  place,  there  are  some  hot  and  cold  springs,  the  warmest 
having  a  temperature,  according  to  Lieut.  Brand  ('Travels,'  p.  240),  of 
91°;  they  emit  much  gas.  According  to  Mr.  IJrande,  of  the  Royal 
Institution,  ten  cubical  inches  contain  forty-five  grains  of  solid  matter, 
consisting  chiefly  of  salt,  gypsum,  cairbonato  of  lime,  and  oxide  of  iron« 
The  -wattT  is  charged  with  carbonic  acid  and  sulphuretted  hydrogen. 
These  springs  de}X)sit  much  tufa  in  the  form  of  spherical  balls.  They 
burst  forth,  as  do  those  of  Cauquenes,  and  probalAy  \.\io^^  oi  ^'^^ 
Vicencio,  on  a  lino  oi  eJeration. 


mngeit  X.  by  W.  nod  S.  by  E.,  formiDg  a  cbain  of 
mountains,  apparently  little  inferior  in  height  to  the 
Cuiiibre :  the  strata,  as  we  have  geen,  clip  at  &a  average 
angle  of  30°  to  tbo  wetvt.  The  flanks  of  the  mountains 
are  ht^rc  ttuitc  bare  and  steep,  affording  an  excellent 
■ection  ;  so  that  I  was  able  to  inspect  the  strata  to  a 
thiclcneaa  of  about  4,000  feet,  and  coiild  clearly  dis- 
tiugiiiih  tlicir  general  nature  for  1,U00  feet  higher, 
making  a  total  thickness  of  5,000  feet,  to  which  must 
be  added  almut  ],OU0  feet  of  the  inferior  strata  aeen  a 
little  lowor  down  the  valley.  I  will  describe  this  one 
section  in  detail,  beginning  at  tlie  bottom. 

Ist.  The  lowest  mass  is  the  altered  clay-slate  de»- 
cribod  in  the  preliminary  discuBsion,  and  which  in  this 
line  of  section  was  here  first  met  with.  Lower  down 
the  valley,  at  the  K.  de  las  Yacas,  I  had  a  better  oppor- 
tunity  of  examining  it ;  it  is  there  in  some  parts  well 
characterised,  having  a  distinct,  nearly  vertical,  tortuous 
cleavage,  ranging  NW.  and  SE.,  and  intersected  by 
quartz  veins :  in  most  parts,  however,  it  is  crystalline 
and  feldspatliic,  and  passes  into  a  true  greenstone  often 
inchiding  grains  of  quartz.  The  clay-slate,  in  its  upper 
half,  is  frequently  brecciated,  the  embedded  angular 
fragments  being  of  nearly  the  same  nature  with  the 
paste. 

2nd.  Several  strata  of  purplish  porphyritic  con- 
glomerate, of  no  veTj  great  thickness,  rest  conformably 
upon  the  feldspatliic  slate.  A  thick  bed  of  fine,  purple, 
cluy-stone  porphyry,  obscurely  brecciated  (but  not 
of  metamorphosed  sedimentary  origin),  and  capped 
by  porphyritic  conglomerate,  wiis  the  lowest  bed 
actuiiUy  examined  iu  this  section  at  the  Puente  del 
Inca. 

3rd.  A  Btratum,  eighty  feet  thick,  of  hard  and  very 
compact  impure  whitish  limestone,  weathering  bright 
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red,  with  included  layei*s  brecciated  aad  re-cemented. 
Obscure  marks  of  shell  are  distinguishable  in  it. 

4th.  A  red,  quartzose,  fine-grained  conglomerate, 
with  grains  of  quartz,  and  with  patches  of  white  earthy 
feldspar,  apparently  due  to  some  process  of  concretionaiy 
crystalline  action :  this  bed  is  more  compact  and 
metamorphosed  than  any  of  the  overlying  conglome- 
rates. 

5th.  A  whitish  cherty  limestone,  vdth  nodules  of 
blueish  argillaceous  limestone. 

6th.  A  white  conglomerate,  with  many  particles, of 
quartz,  almost  blending  into  the  paste. 

7th.  Highly  siliceous,  fine-grained  white  sand- 
stone. 8th  and  9th.  Eed  and  white  beds  not  ex- 
amined. 

10th.  Yellow,  fine-grained,  thinly  stratified,  mag- 
nesian  (judging  from  its  slow  dissolution  in  acids)  lime- 
stone :  it  includes  some  white  quartz  pebbles,  and  little 
cavities,  lined  with  calcareous  spar,  some  retaining  the 
form  of  shells. 

11th.  A  bed  between  twenty  and  thirty  feet  thick, 
quite  conformable  with  the  underlyiDg  ones,  composed 
of  a  hard  basis,  tinged  lilac-gray  porpliyritic  with 
numerous  crystals  of  whitish  feldspar,  with  black  mica 
and  little  spots  of  soft  ferruginous  matter :  evidently  a 
submarine  lava. 

12th.  Yellow  raagnesian  limestone,  as  before,  part- 
stained  purple. 

13th.  A  most  singular  rock;  basis  purplish  gray, 
obscurely  ciystalline,  easily  fusible  into  a  dark  green 
glass,  not  hard,  thickly  speckled  with  crystals  more  or 
less  perfect  of  white  carbonate  of  lime,  of  red  hydrous 
oxide  of  iron,  of  a  white  and  transparent  mineral  like 
analcime,  and  of  a  green  opaque  mineral  like  soap-stone ; 
the  basis  is  moreover  amygdaloidal  with  many  spherical 


balli  of  trbite  crystallised  carbonate  of  lime,  of  wfaich 

e  are  etalfd  with  the  red  oxide  of  iron.  I  hare  no 
doubt,  from  the  esami  nation  of  a  euperiocarobent 
atratiim  (19),  that  this  ifl  a  sabtnarine  lava;  tbong'h  in 
Northern  Chile,  koiqo  of  the  metsimorphosed  sedimeDtary 
bedN  itre  almost  as  crystalline,  and  of  as  varied  com- 
position. 

Utli.  Ked  sandi^tone,  passing  in  the  upper  part  into 
s  cottrac,  )iar«l,  rod  cod  glomerate,  300  feet  thick,  haWng 
a  calcareouR  cement,  and  including  grains  of  quartz  and 
broken  cryxtuls  of  feldspar  ;  basis  infusible  j  the  jjebbles 
conrist  of  dull  purplish  porphyries,  with  some  of  qiuu-te, 
from  the  tiw  of  a  nut  to  a  man's  head.  This  is  the 
coarsest  conglomerate  in  this  part,  of  the  Cordill'-ra  ;  in 
the  middle  there  was  a  white  layer  not  examined. 

15th.  Grand  thick  bed,  of  a  very  hard,  yellowish- 
white  rock,  with  a  crystalline  feldspathic  base,  including 
large  crystals  of  white  feldspar,  many  little  cavities 
mostly  full  of  soft  ferruginous  matter,  and  numerous 
hexagonal  plates  of  black  mica.  The  upper  part  irf 
this  great  bed  is  slightly  cellular ;  the  lower  part 
compact :  the  thickness  varied  a  little  in  different  parts. 
Manifestly  a  submarine  lava;  and  is  allied  to  bed  11. 

16th  and  17th.  Dull  purplish,  calcareous,  fine- 
grained, compact  sandstones,  which  pass  into  coarse 
white  conglomerates  with  numerous  particles  of  quartz. 

18th.  Several  alternation?  of  red  conglomerate, 
purplish  sandstone,  and  submarine  lava,  like  that  singu- 
lar rock  forming  bed  13. 

19th.  A  very  heavy,  compact,  greenish-black  stone, 
with  a  fine-grained  obviously  crystalline  basis,  contain- 
ing a  few  specks  of  white  calcareous  spar,  many  specks 
of  the  crystallised  hydrous  red  oxide  of  iron,  and  some 
specks  of  a  green  mineral;  there  are  veins  and  nests 
filled  with  epidote ;  certainly  a  submarine  lava. 
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20th.  Many  thin  strata  of  compact,  fine-grained, 
pale  purple  sandstone. 

21st.  Gypsum  in  a  nearly  pure  state,  about  300  feet 
in  thickness  :  this  bed,  in  its  concretions  of  anhydrite 
and  layers  of  small  blackish  crystals  of  carbonate  of 
lime,  exactly  resembles  the  great  gypseous  beds  in  the 
Peuquenes  range. 

22nd.  Pale  purple  and  reddish  sandstone,  as  in  bed 
20 :  about  300  feet  in  thickness. 

23rd.  A  thick  mass  composed  of  layers,  often  as 
thin  as  paper  and  convoluted,  of  pure  gypsum  with 
others  very  impure,  of  a  purplish  colour. 
24th.  Pure  gypsum,  thick  mass. 
25th.  Bed  sandstones,  of  great  thickness. 
26th.  Pure  gypsum,  of  great  thickness. 
27th.  Alternating  layers  of  pure  and  impure  gypsum, 
of  great  thickness. 

I  was  not  able  to  ascend  to  these  few  last  great 
strata,  which  compose  the  neighbouring  loftiest  pinna- 
cles. The  thickness,  from  the  lowest  to  the  uppermost 
bed  of  gypsum,  cannot  be  less  than  2,000  feet :  the  beds 
beneath  I  estimated  at  3,000  feet,  and  this  does  not 
include  either  the  lower  parts  of  the  porphyritic  conglo- 
merate, or  the  altered  clay-slate ;  I  conceive  the  total 
thickness  must  be  about  6,000  feet.  I  distinctly 
observed  that  not  only  the  gypsum,  but  the  alternating 
sandstones  and  conglomerates  were  lens-shaped,  and 
repeatedly  thinned  out  and  replaced  each  other :  thus 
in  the  distance  of  about  a  mile,  a  bed  300  feet  thick  of 
sandstone  between  two  beds  of  gypsum,  thinned  out  to 
nothing  and  disappeared.  The  lower  part  of  this  section 
differs  remarkably, — in  the  much  greater  diversity  of 
its  mineralogical  composition, — in  the  abundance  of 
calcareous  matter, — in  the  greater  coarseness  of  some 
of  the  conglomerates, — and  in  the  nimierous  particles 
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aad  well  romvled  pobMe*.  Kom«timM  of  lurge  me,  of 
qiMrtx, — fnim  any  other  section  hitherto  deacnbed  in 
Chile.  Fntm  tbete  pe«uliariti<?!^,  and  from  the  lens- 
tona  of  the  strata,  it  is  probable  that  this  great  pile  of 
•bata  tras  Bocatniilali^  on  a  efaallow  and  r^ry  imeven 
bottom;  near  fome  pre-existing  land  formed  of  vaiious 
pwiphyric*  and  qiiarta-rock.  The-  formation  of  por- 
phvritic  claj-ctonc  conglomerate  doea  not  in  this  section 
attain  nearly  ](.'« ordinary  thickoe^ ;  this  may  be  jaartty 
attribiit«d  (»  the  mvtamorpbic  action  hax-inv  been  here 
much  leM  energetic  than-  usual,  though  the  lower  beds 
bavo  been  affiMstod  to  a  certain  d^-gree.  If  it  bad  been 
as  energetic  as  in  most  other  part*  of  Chile,  many  of 
the  Ixxl*  of  Hanrirtone  and  conglomerate,  containing 
rounded  maBsea  of  porphyry,  would  doubtless  have  been 
converted  into  porphyritic  conglomerate ;  and  theee 
would  have  alternated  with,  and  even  blended  into, 
crystalline  and  porphyritic  strata  without  a  trace  of 
mechanical  structure, — namely,  into  those  which,  in  the 
present  state  of  the  section,  we  see  are  unquestionably 
submarine  lavas. 

The  beds  of  gypsum,  together  with  the  red  alternate 
ing  sandstones  and  conglomerates,  present  so  perfect 
and  curious  a  resemblance  with  those  seen  in  our  former 
section  in  the  basin-valley  of  Yeso,  that  I  cannot  doubt 
the  identity  of  the  two  formations :  I  may  add,  that  a 
little  westward  of  the  P.  del  Incn,  a  mass  of  gypsnin 
passed  into  a  6ne-grained,  hard,  brown  sandstone,  which 
contained  some  layers  of  black,  calcareous,  compact, 
sbaly  rock,  precisely  like  that  seen  in  such  vast  masses 
on  the  Peuquenes  range. 

Near  the  Puente  del  Inca,  numerous  fragments  of 
limestone,  containing  some  fossil  remains,  were  scattered 
on  the  ground :  these  fragments  so  perfectly  resemble 
the  limestoQe  of  bed  "No.  S,  m  -wVlik  I  eaw  impressions 
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of  shells,  that  I  have  no  doubt  they  have  fallen  from  it. 
The  yellow  magnesian  limestone  of  bed  No.  10,  which 
also  includes  traces  of  shells,  has  a  different  appearance. 
These  fossils  (as  named  by  M.  d'Orbigny)  consist  of — 

Giypluea,  near  to  G,  Cottloni  (Neocomian  formation). 
Area,  perhaps  A,  GahrUlis,  d'Orbig.  *  Pal.  Franc'  (Neocomian  for- 
mation). 

Mr.  Pentland  made  a  collection  of  shells  from  this 
same  spot,  and  Von  Buch  ^  considers  them  as  consisting 
of— 

Trigonia,  resembling  in  form  T,  costaia. 

Pholadomya,  like  one  found  by  M.  Dufresnoy  near  Alen^on. 

Iflocardia  excentrica,  Voltz.,  identical  with  that  from  the  Jura. 

Two  of  these  shells,  namely,  the  Gryphsea  and 
Trigonia,  appear  to  be  identical  with  species  collected 
by  Meyen  and  myself  on  the  Peuquenes  range  ;  and  in 
the  opinion  of  Von  Buch  and  M.  d'Orbigny,  the  two 
formations  belong  to  the  same  age.  I  must  here  add, 
that  Professor  E.  Forbes,  who  has  examined  my  speci- 
mens from  this  place  and  from  the  Peuquenes  range, 
has  likewise  a  strong  impression  that  they  indicate  the 
Cretaceous  period,  and  probably  an  early  epoch  in  it : 
so  that  all  the  palaeontologists  who  have  seen  these 
fossils  nearly  coincide  in  opinion  regarding  their  age. 
The  limestone,  however,  with  these  fossils  here  lies  at 
the  very  base  of  the  formation,  j  ust  a]x>ve  the  porphyritic 
conglomerate,  and  certainly  seveml  thousand  feet  lower 
in  the  series,  than  the  equivalent,  fossiliferous,  black, 
shaly  rocks  high  up  on  the  Peuquenes  range. 

It  is  well  worthy  of  remark  that  these  shells,  or  at 
least  those  of  which  I  saw  impressions  in  the  limestone 
(bed  No.  3),  must  have  been  covered  up,  on  the  least 
computation,  by  4,000  feet  of  strata:  now  we   know 

*  *  Descinpt.  Phjs.  des  lies  Can.*  p.  VII, 
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from  Profeisor  E.  Forbes's  researches,  that  the  sett  nt 
I  greater   depths   thau   600   feet    becomes   exceedingly 

burreu  of  organic  beiogs, — a  result  quite  in  accordance 
with  what  little  I  have  seen  of  deep-sea  souudlngg, 
Hcnt^e,  after  Ihis  limestone  with  its  sheUs  was  deposited, 
the  bottom  of  the  sea  where  the  main  line  of  the 
Cordillera  now  stands,  must  have  subsided  some  thoii- 
eand  feet  to  allow  of  the  deposition  of  the  superincam- 
bent  submarine  strata.  Witliout  supposing  a  movement 
of  tliis  kind,  it  would,  moreover,  be  impossible  to 
imderstand  the  accumulation  of  the  several  lower  strata 
of  coarse,  well-rounded  conglomerates,  which  it  is 
scarcely  possible  to  believe  were  spread  out  in  profoundly 
deep  water,  and  which,  especially  those  containing 
pebbles  of  (iii;\rtz,  could  luirdly  hiive  bf'eii  rounded  in 
submarine  craters  and  afterwards  ejected  from  tbem,  as 
I  believe  to  have  been  the  case  with  much  of  the 
porphyritic  conglomerate  formation.  I  may  add  that, 
in  Professor  Forbes's  opinion,  the  above-ennmerated 
species  of  MoUusca  probably  did  not  live  at  a  much 
greater  depth  than  twenty  fathoms,  that  is  only  120 
feet. 

To  return  to  our  seotion  down  the  valley :  standing 
on  the  great  N.  by  "W.  and  S.  by  E.  uniclinal  axis  of 
the  Puente  del  laca,  of  which  a  section  has  just  been 
given,  and  looking  north-east,  great  tabular  masses  of 
the  gypseous  formation  [K  K]  could  be  seen  in  the 
distance,  very  slightly  inclined  towards  the  east.  Lower 
down  the  valley,  the  mountains  are  almost  exclusively 
composed  of  porphyries,  many  of  them  of  intrusive 
origin  and  non-stratified,  others  stratified,  but  with  the 
stratification  seldom  distinguishable  except  in  the 
upper  parts.  Disregarding  local  disturbances,  the  beds 
^^^^^are  either  horizontal  or  inclined  at  a  small  angle  east- 
^^^Bvards :  hence,  when  standing  on  the  plain  of  Uspallata 
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and  looking  to  the  west  or  backwards,  the  Cordillera 
appear  composed  of  huge,  square,  nearly  horizontal, 
tabular  masses  :  so  wide  a  space,  with  such  lofty  moun- 
tains so  equably  elevated,  is  rarely  met  with  within  the 
Cordillera.  In  this  line  of  section,  the  interval  between 
the  Puente :  del  Inca  and  the  neighbourhood  of  the 
Cumbre,  includes  all  the  chief  axes  of  dislocation. 

The  altered  clay-slate  formation,  already  described, 
is  seen  in  several  parts  of  the  valley  as  far  down  as  Las 
Vacas,  underlying  the  porphyritic  conglomerate.     At 
the  Casa  de  Pujios  [L],  there  is  a  hummock  of  (ande- 
sitic  ?)  granite ;  and  the  stratification  of  the  surrounding 
mountains  here  changes  from  W.  by  S.  to  SW.     Again, 
near  the  R.  Vacas  there  is  a  larger  formation  of  (ande- 
sitic  ?)  granite  [M],  which  sends  a  mesh-work  of  veins 
into  the  superincumbent  clay-slate,  and  which  locally 
throws  oflF  the  strata,  on  one  side  to  NW.  and  on  the 
other  to  SE.  but  not  at  a  high  angle :  at  the  junction, 
the  clay-slate  is  altered  into  fine-grained  greenstone. 
This  granitic  axis  is  intersected  by  a  green  dike,  which 
I  mention,  because  I  do  not  remember  having  elsewhere 
seen   dikes  in  this  lowest   and   latest   intrusive  rock. 
From  the  R.  Vacas  to  the  plain  of  Uspallata,  the  valley 
nms'  NE.,  so  that  I  have  had  to  contract  my  section  ; 
it  runs  exclusively  through  porphyritic  rocks.     As  far 
as  the  Pass  of  Janla,  the  clay-stone  conglomerate  forma- 
tion, in  most  parts  highly  porphyritic,  and  crossed  by 
numerous  dikes  of  greenstone-porphyry,  attains  a  great 
thickness  :  there  is  also  much  intrusive  porphyry.    From 
the  Jaula  to  the  plain,  the  stratification  has  been  in 
most  places  obliterated,  except  near  the  tops  of  some  of 
the  mountains ;  and  the  metamorphic  action  has  been 
extremely  great.     In  this  space,  the  number  and  bulk 
of  the  intrusive  masses  of  diflferently  colom^ed  porphyries, 
injected  one  into  another  and  intersected  by  dikes,  is 

L  L 


truly  extraonliiary.  I  mw  odd  motmtain  of  wUtifih 
fOTphfty,  frnin  whicb  two  tiiige  dikt^  tiuonrng  out, 
braDcb«d  tlovrnwanU  iuUi  na  wlJoiDing  blAckicfa  pop- 
pbyry.  Another  hUl  of  irliite  porphyry,  which  bad 
btnt  through  dark-colouFed  Btrala,  wa^  iteelf  injected 
hjr  a  purple,  brecdat«d,  and  recemented  porphjiy,  hodi 
bciof;  (Towed  iiy  a  green  difae,  and  both  having  been 
uplteavMl  and  injected  by  a  (^ramtic  dome.  One  brick- 
red  iMjrjfbyry,  which  above  the  Jaula  forms  an  isolated 
mun  in  the  midKt  of  Ibc  porpliyritic  eonglomeiabe 
formation,  and  lowi-r  down  the  valley  a  caagnifiDeni 
group  of  peaked  moimtaius,  differs  remarkably  from 
all  the  ot)if-r  iwirfihyrie.t.  It  consists  of  a  red  feMspathiow 
boM.-,  including  somu  rather  large  crystals  of  red  feldspar,^ 
numerous  large  angular  grains  of  quartz,  and  little  bits 
of  a  soft  green  mineral  answering  in  most  of  its  cbarao- 
ters  to  soap-stone.  The  crystals  of  red  feldspar  resemble 
in  external  appearance  those  of  orthite,  though,  &om 
being  partially  decomposed,  I  was  unable  to  measure 
them  ;  and  they  certainly  are  qmte  unlike  the  variety, 
so  abundantly  met  with  in  almost  all  the  other  rocks  of 
this  line  of  section,  and  which,  wherever  I  tried  it, 
cleaved  like  albite.  This  brick-red  porphyry  appears 
to  have  burst  through  all  the  other  porphyries,  and 
numerous  red  dikes  traversing  the  neighbouring  moun- 
tains have  proceeded  from  it :  in  some  few  places, 
however,  it  was  intersected  by  white  dikes.  From  this 
posteriority  of  intrusive  origin,— from  the  close  general 
resemblance  between  this  red  porphyry  and  the  red 
granite  of  the  Portillo  line,  the  only  difference  being 
that  the  feldspar  here  ia  less  perfectly  granular,  and 
that  soap-stone  replaces  the  mica,  which  ia  there  ina- 
perfect  and  passes  into  chlorite,— and  from  the  Portillo 
line  a  little  southward  of  this  point  appearing  to  blend 
(accoiding  to  Dr.  Gillies)  into  the  western  ranges, — I 
I  am  strongly  urged  to  believe  (as  formerly  remarked) 
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that  the  grand  mountain-masses  composed  of  this  brick- 
red  porphyry  belong  to  the  same  axis  of  injection  with 
the  granite  of  the  Portillo  line  :  if  so,  the  injection  of 
this  porphyry  probably  took  place,  as  long  subsequently 
to  the  several  axes  of  elevation  in  the  gypseous  forma- 
tion near  the  Gumbre,  as  the  injection  of  the  Portillo 
granite  has  been  shown  to  have  been  subsequent  to  the 
elevation  of  the  gypseous  strata  composing  the  Pen- 
quenes  range ;  and  this  interval,  we  have  seen,  must 
have  been  a  very  long  one. 

The  Plain  of  Uspallata  has  been  briefly  described 
in  Chap.  X. ;  it  resembles  the  basin-plains  of  Chile ; 
it  is  ten  or  fifteen  miles  wide,  and  is  said  to  extend  for 
180  miles  northward ;  its  surface  is  nearly  6,000  feet 
above  the  sea ;  it  is  composed,  to  a  thickness  of  some 
hundred  feet  of  loosely  aggregated,  stratified  shingle, 
which  is  prolonged  with  a  gently  sloping  surface  up  the 
valleys  in  the  mountains  on  both  sides.  One  section 
in  this  plain  [Z]  is  interesting,  from  the  unusual  *  cir- 
cumstance of  alternating  layers  of  almost  loose  red  and 
white  sand  with  lines  of  pebbles  (from  the  size  of  a  nut 
to  that  of  an  apple),  and  beds  of  gravel,  being  inclined 
at  an  angle  of  45°,  and  in  some  spots  even  at  a  higher 
angle.  These  beds  are  dislocated  by  small  faults  :  and 
are  capped  by  a  thick  mass  of  horizontally  stratified 
gravel,  evidently  of  subaqueous  origin.  Having  been 
accustomed  to  observe  the  irregularities  of  beds  accu- 
mulated under  currents,  I  feel  sure  that  the  inclination 
here  has  not  been  thus  produced.  The  pebbles  consist 
chiefly  of  the  brick-red  porphyry  just  described  and  of 
white  granite,  both  probably  derived  from  the  ranges 
to  the  west,  and  of  altered  clay-slate  and  of  certain 

'  I  find  that  Mr.  Smith,  of  Jopdanhill,  has  described  ('Edinburgh 
New  Phil.  Journ.'  toI.  xxv.  p.  392)  beds  of  sand  and  gravel,  near  Edin- 
bnigh,  tilted  at  an  angle  of  60^,  and  dislocated  by  miniature  faults. 
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poqibyTiM,  apparently  beloDging  to  the  rocka  of  tbe 
L'KpnllatB chain.  This  plain  corresponds  geographically 
with  the  valley  of  Tenuyan  between  the  Portillo  and 
P«Tiqticn(»t  ranges ;  but  in  that  valley  tht  shingle, 
which  likcwi«H  ha*  been  derived  both  from  the  eastern 
and  western  ranges.  ba«  been  cemented  into  a  hard  con- 
glomerat*!,  and  hai  been  throughout  tilted  at  a  con- 
tidi-rable  inclination ;  the  gravel  there  apparently  attains 
a  much  greater  thickness,  and  iB  probably  of  higher 
anti(]uity. 

Th£  UspaUata  Range.— The  road  by  the  VilU 
VicencioPawtdoen  not  itrikedirectly  across  the  range,  but 
mn«  for  some  league*  norlhward  along  its  western  base : 
and  I  miint  briefly  describe  the  rocks  here  seen,  before 
continuing  with  the  coloured  east  and  west  section.  At 
the  mouth  of  the  valley  of  Canota,  and  at  several 
points  northwards,  there  is  an  extensive  formation  of  & 
glossy  and  harsh,  and  of  a  feldspathic  clay-slate,  includ- 
ing strata  of  grauwacke,  and  liaving  a  tortuous,  nearly 
vertical  cleavage,  traversed  by  numerous  metalUferoua 
veins  and  others  of  quartz.  The  clay-slatc  is  in  many 
parts  capped  by  a  thick  mass  of  fragments  of  the  same 
rock,  firmly  recemented  ;  and  both  together  have  beea 
injected  and  broken  up  by  very  numerous  hillocks, 
ranging  north  and  south,  of  hlac,  white,  dark  and 
salmon-coloured  porphyries :  one  steep,  now  denuded, 
hillock  of  porphyry  had  its  face  as  distinctly  impressed 
with  the  angles  of  a  fragmentary  mass  of  the  slate,  wit^ 
some  of  the  points  still  remaining  embedded,  as  sealing- 
was  could  be  by  a  seal.  At  the  mouth  of  this  same 
valley  of  Canota,  in  a  fine  escarpment  having  the  strata 
dipping  from  50°  to  60°  to  the  NE.,'  the  clay-slato 

'  Ncnrly  oppoaito  lo  this  escarpment,  there  in  another  corresponding 
'iFp  with  the  BlraU  dipping  not  Ito  the  ainctly  opposite  point,  or  3W., 
tut  to  SSW. :  cODBcquoDtlj  lib*  Mo  ttctx^mtiUui  \i«^  tuwnida  a«^ 
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formation  is  Been  to  be  covered  by  (Ist),  a  purple  day- 
stone  porphyry  resting  unconformably  in  some  parts 
on  the  solid  slate,  and  in  others  on  a  thick  fragmentary 
mass :  (2nd),  a  conformable  stratum  of  compact  blackish 
rock,  having  a  spheroidal  structure,  full  of  minute 
acicul^  crystals  of  glassy  feldspar,  with  red  spots  of 
oxide  of  iron :  (3rd),  a  great  stratum  of  purplish*red 
clay-stone  porphyry,  abounding  with  crystals  of  opaque 
feldspar,  and  laminated  with  thin,  parallel,  often  short, 
layers,  and  likewise  with  great  irregular  patches  of 
white,  earthy,  semi-crystalline  feldspar ;  this  rock 
(which  I  noticed  in  other  neighbouring  places)  per- 
fectly resembles  a  curious  variety  described  at  Port 
Desire,  and  occasionally  occurs  in  the  great  porphyritic 
conglomerate  formation  of  Chile  :  (4th),  a  thin  stratum 
of  greenish-white,  indurated  tuff,  fusible  and  containing 
broken  crystals  and  particles  of  porphyries:  (5th),  a 
grand  mass,  imperfectly  columnar  and  divided  into 
three  parallel  and  closely  joined  strata,  of  cream- 
coloured  claystone  porphyry  :  (6th),  a  thick  stratum  of 
lilac-coloured  porphyry,  which  I  could  see  was  capped 
by  another  bed  of  the  cream-coloured  variety :  I  was 
unable  to  examine  the  still  higher  parts  of  the  escarp- 
ment. These  conformably  stratified  porphyries,  though 
none  are  either  vesicular  or  amygdaloidal,  have  evi- 
dently flowed  as  submarine  lavas :  some  of  them  are 
separated  from  each  other  by  seams  of  indurated  tuff, 
which,  however,  are  quite  insignificant  in  thickness 
compared  with  the  porphyries.  This  whole  pile 
resembles,  but  not  very  closely,  some  of  the  less 
brecciated  parts  of  the  great  porphyritic  conglomerate 
formation  of  Chile  ;  but  it  does  not  probably  belong  to 
the  same  age,  as  the  porphyries  here  rest  unconformably 

« 

other,  and  some  miles  southward  they  become  actually  •\Mi\l'e^*.  \3Qa%S&vs. 
form  of  olevation  which  I  have  not  elsewheio  Beeix. 


stratification  of 
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on  the  altered  feldapatbic  clay-slate,  ■whereas  the  po«- 
phfriCic  conglomerate  formatioD  alternates  with  and 
rrats  conformably  on  it.  These  porpbj-ries,  moreovCT, 
with  tie  exception  of  the  one  bUckifh  stxatum.  and  of 
tho  one  indurated,  white  tu&ceous  bed,  diffex  from  the 
bedK  composing  the  Uspallata  range  in  the  line  of  the 
Villa  V>cpnciE>  Pass. 

I  will  now  give,  first,  a  sketch  of  the  strocture  of  the 
ring**,  as  represented  in  the  coloured  section,  and  will 
then  describe  its  composition  and  interesting  history. 
At  its  western  foot,  a  hillock  [N]  is  seen  to  rise  out  of 
the  plain,  with  its  strata  di[^ing  at  70''  to  the  west, 
frosted  by  strata  [O]  inclined  at  45°  to  the  east,  thus 
fomiiriK  a  little  north  and  south  aoticlinal  nxis.  Some 
other  little  hillocks  of  similar  composition,  with  their 
strata  highly  inclined,  range  NE.  and  SV.,  obliquely 
to  the  main  Uspallata  line.  The  cause  of  these  dislo- 
cations, which,  though  on  a  small  scale,  hare  been  vio- 
lent and  complicated,  is  seen  to  lie  in  hummocks  of 
lilac,  purple  and  red  porphyries,  which  have  been  in- 
jected in  a  liqiieBed  state  through  and  into  the  under- 
lying clay-slate  formation.  Several  dikes  were  exposed 
here,  but  in  no  other  part,  that  I  saw  of  thi^  range. 
As  the  strata  consist  of  black,  white,  greenish,  and 
brown  coloured  rocks,  and  as  the  intrusive  porphyries 
are  so  brightly  tinted,  a  most  extraordinary  view  was 
presented,  like  a  coloured  geological  drawing.  On  the 
gently  inclined  main  western  slope  [P  P],  above  the 
little  anticlinal  ridgesjust  mentioned,  the  strata  dip  at 
an  average  angle  of  25°  to  the  west ;  the  inclination  in 
some  places  being  only  10°,  in  some  few  others  as  much 
as  45°.  The  masses  having  these  different  inclinations, 
are  separated  from  each  other  by  parallel  vertical  faults  i 
fas  represented  at  Pa^,  often  giving  rise  to  separate, 
parallel,  unlcUnaV  lidgea.     '^e  samnii^.  <A  ^b.«  niain 
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range  is  broad  and  undulatory,  with  the  stratification 
undulatory  and  irregular :  in  a  few  places  granitic  and 
porphyritic  masses  [Q]  protrude,  which,  from  the  small 
effect  they  have  locally  produced  in  deranging  the 
strata,   probably  form  the  upper  points  of  a  regular, 
great  underlying  dome.     These  denuded  granitic  points, 
I  estimated  at  about  9,000  feet  in  height  above  the  sea. 
On  the  eastern  slope,  the  strata  in  the  upper  part  are 
regularly  inclined  at  about  25^  to  the  east,  so  that  the 
summit  of  this  chain,  neglecting  small  irregularities, 
forms  a  broad  anticlinal  axis.     Lower  dowQ,  however, 
.  near  Los  Homillos  [R],  there  is  a  well-marked  s}mclinal 
axis,  beyond  which  the  strata  are  inclined  at  nearly  the 
same  angle,  namely  from  20®  to  30®,  inwards  or  west- 
ward.    Owing  to  the  amount  of  denudation  which  this 
chain  has  suflfered,  the  outline  of  the  gently  inclined 
eastern  flank  scarcely  offers  the  slightest  indication  of 
this  synclinal  axis.     The  stratified  beds,  which  we  have 
hitherto  followed  across  the  range,  a  little  farther  down 
are  seen  to  lie,  I  believe  unconformably,  on  a  broad 
moimtainous  band  of  clay-slate  and  grauwacke.     The 
strata  and  laminse  of  this  latter  formation,  on  the  ex- 
treme eastern   flank,   are    generally   nearly    vertical; 
further  inwards  they  become  inclined  from  45®  to  80® 
to  the  west :  near  Villa  Vicencio  [S]  there  is  apparently 
an  anticlinal  axis,  but  the  structure  of  this  outer  part 
of  the  clay-slate  formation  is  so  obscure,  that  I  have  not 
marked  the  planes  of  stratification  in  the  coloured  sec- 
tion.    On  the  mai-gin  of  the  Pampas,  some  low,  much 
dislocated  spurs  of  this  same  formation,  project  in  a 
north-easterly  line,  in  the  same  oblique  manner  as  do 
the  ridges  on   the  western  foot,  and  as  is  so  frequently 
the  case  with  those  at  the  base  of  the  main  Cordillera. 

I  will  now  describe  the  nature  of  the  beds,  begin- 
ning at  tl^e  base  on  the  eastern  side.    ¥\i«^:^  isst  >i}ckfc 


clay-Blate  formation:  the  slate  is  generally  hard  and 
bluish,  with  the  luminal  coated  by  minute  micaceous 
KcaltM ;  it  alternates  many  times  with  a  coarse-graiaed* 
grL'cniith  graiiwucke,  contiiining  rounded  fragment«  of 
quartz  and  bits  of  state  is  a  slightly  calcareous  basis. 
The  hIhIc  iu  the  upper  part  generally  becomes  purplish, 
and  the  cleavage  so  irregular  that  the  whole  consists 
tif  more  tiplinten^.  Transverse  veins  of  quartz  are 
Qunteroiis.  At  the  Oalera,  some  leagues  distant,  there 
JM  a  dark  crystalline  limestone,  apparently  included 
this  formation.  With  the  esception  of  the  grauwai 
being  here  more  abundant,  and  the  clay-slate  less  altered^. 
tliia  formation  closely  resembles  that  unconformably 
underlying  the  porphyries  at  the  western  foot  of  this 
uame  ran^'e ;  ;iik1  liktwiye  tliiit  altcriKifiiig  with  tlie 
porphyritic  conglomerate  in  the  main  Cordillera.  This 
formation  is  a  considerable  one,  and  extends  several 
leagues  southward  to  ne.ar  Mendoza:  the  mountains 
composed  of  it  rise  to  a  height  of  about  2,000  feeb 
above  the  edge  of  the  Pampas,  or  about  7,000  feet 
above  the  sea.' 

Secondly :  tbe  most  usual  bed  on  tbe  clay-slate  Is 
a  coarse,  white,  slightly  calcareous  conglomerate,  of  no 
great  thickness,  including  broken  crystals  of  feldspar, 
groins  of  quartz,  and  numerous  pebbles  of  brecciated 
clay-atone  porphyry,  but  without  any  pebbles  of  the 
underlying  clay-slate.  I  nowhere  saw  the  actual  junc- 
tion between  this  bed  and  the  clay-slate,  though  I  spent 
a  whole  day  in  endeavouring  to  discover  their  relations. 
In  some  places  I  distinctly  saw  the  white  conglomerate 
and  overlying  beds  inclined  at  from  25°  to  30°  to  the 
west,  and  at  the  bottom  of  the  same  mountain,  the 
clay-slate  and  grauwacke  inclined  to  the  same  point,  but 
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at  an  angle  from  70^  to  80^ :  in  one  instance,  the  clay- 
slate  dipped  not  only  at  a  different  angle,  but  to  a 
different  point  from  the  overlying  formation.  In  these 
canes  the  two  formations  certainly  appeared  quite  un- 
conformable :  moreover,  I  found  in  the  clay-slate  one 
great,  vertical,  dike-like  fissure,  filled  up  with  an  in- 
durated whitish  tuff,  quite  similar  to  some  of  the  upper 
beds  presently  to  be  described ;  and  this  shpws  that  the 
clay-slate  must  have  been  consolidated  and  dislocated 
before  their  deposition.  On  the  other  hand,  the  strati- 
fication of  the  slate  and  grauwacke,'  in  some  cases  gra^ 
dually  and  entirely  disappeared  in  approaching  the 
overlying  white  conglomerate;  in  other  cases  the 
stratification  of  the  two  formations  became  strictly  con- 
formable; and  again  in  other  cases,  there  was  some 
tolerably  well  characterised  clay-slate  lying  above  the 
conglomerate.  The  most  probable  conclusion  appears 
to  be,  that  after  the  clay-slate  formation  had  been  dis- 
located and  tilted,  but  whilst  under  the  sea,  a  fresh  and 
more  recent  deposition  of  clay-slate  took  place,  on  which 
the  white  conglomerate  was  conformably  deposited,  with 
here  and  there  a  thin  intercalated  bed  of  clay-slate.  On 
this  view  the  white  conglomerates  and  the  presently  to 
be  described  tuffs  and  lavas  are  really  unconformable 
to  the  main  part  of  the  clay-slate ;  and  this,  as  we  have 
seen,  certainly  is  the  case  with  the  clay-stone  lavas  in  the 
valley  of  Canota,  at  the  western  and  opposite  base  of 
the  range. 

Thirdly :  on  the  white  conglomerate,  strata  several 
hundred   feet  in  thickness  are  superimposed,  varying 

'  The  coarse,  mechanical  structure  of  many  grauwackos  has  always 
appeiired  to  me  a  diJHRculty  ;  for  the  t<»xture  of  the  associated  clay -slate 
and  the  nature  of  the  embedded  organic  remains  whore  prtscnt,  indicate 
that  the  -whole  hjis  been  a  deep-water  deposit.  Whence  haA'o  the  some- 
times included  angtUar  fragments  of  clay-slate,  and  the  rounded  masses 
of  quartz  and  other  rocks,  been  derived  ?  Many  deep-water  limestones, 
it  is  well  known,  have  been  brecciated,  and  then  firmly  recemented. 
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mnch  in  nature  in  short  distanoes :  tbe  oommoDest 
Tarie^  is  a  wbite,  loucli  indurated  tuff,  sometimes 
klightly  calcareous,  with  ferruginons  spots  and  water- 
lines,  often  posing  into  whitish  or  purplish  compact, 
fine>^Tained  grit  or  sandstoues  ;  other  varieties  become 
flcmi-poroellatiie,  and  tinted  faint  green  or  blue ;  others 
pass  into  an  indurated  shale :  most  of  these  varieties 
are  easily  fiidble. 

Fourthly:  abed,about  lOOfeet  thick,  of  acompaet, 
partially  columnar,  pale-gray,  feldspatbic  lava,  stained 
with  iron,  including  very  numerous  crystals  of  opaque 
feldspar,  and  with  some  crystallised  and  disseminated 
calcareous  matter.  The  tu&ceous  stratum  on  which 
this  feldspathic  lava  rests  is  much  hardeuetl,  stained 
purple,  and  has  a  spherico-concretionary  structure ; 
it  here^contains  a  good  many  pehbles  of  clay-stone 
porphyry. 

Fifthly :  thin  beds,  400  feet  in  thickness,  vaiying 
much  in  nature,  consisting  of  white  and  fermginona 
tuffs,  in  some  parts  having  a  concretionary  stmcture,  in 
others  containing  rounded  grains  and  a  few  pebbles  of 
quartz;  also  passing  into  bard  gritstones  and  into 
greenish  mudstones  :  there  is,  also,  much  of  a  bluish- 
gray  and  green  semi-porcellanic  stone. 

Sixthly  :  a  volcanic  stratum,  250  feet  in  thickness, 
of  so  varying  a  nature  that  I  do  not  believe  a  score  of 
specimens  would  show  all  the  varieties ;  much  is  highly 
amygdaloidal,  much  compact ;  there  are  greenish, 
bhickish,  purplish,  and  gray  varieties,  rarely  including 
crystals  of  green  augite  and  minute  acicular  ones  of 
feldspar,  but  often  crystals  and  amygdaloidal  masses  of 
white,  red,  and  black  carbonate  of  lime.  Some  of  the 
blackish  varieties  of  this  rock  have  a  conchoidal  fracture 
and  resemble  basalt :  others  have  an  irregular  fracture. 
(Some  of  the  gray  ani  ■pvvc^ViAi.  xaiiaties  are  thickly 
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speckled  with  green  earth  and  with  white  crystalline 
carbonate  of  lime ;  others  are  largely  amygdaloidal  with 
green  earth  and  calcareous  spar.  Again,  other  earthy 
varieties,  of  greenish,  purplish  and  gray  tints,  contain 
much  iron,  and  are  almost  half  composed  of  amygdaloidal 
balls  of  dark  brown  bole,  of  a  whitish  indurated  felds- 
pathic  matter,  of  bright  green  earth,  of  agate,  and  of 
black  and  white  crystallised  carbonate  of  lime.  All  these 
varieties  are  easily  fusible.  Viewed  from  a  distance^ 
the  line  of  junction  with  the  underlying  semi-porcel- 
lanic  strata  was  distinct ;  but  when  examined  closely, 
it  was  impossible  to  point  out  within  a  foot  where  the 
lava  ended  and  where  the  sedimentary  mass  began :  the 
rock  at  the  time  of  junction  was  in  most  places  hard,  of 
a  bright  green  colour,  and  aboimded  with  irregular 
amygdaloidal  masses  of  ferruginous  and  pure  calcareous 
spar,  and  of  agate. 

Seventhly :  strata,  eighty  feet  in  thickness,  of  various 
indurated  tuffs,  as  before ;  many  of  the  varieties  have  a 
fine  basis  including  rather  coarse  extraneous  particles  ; 
some  of  them  are  compact  and  semi-porcellanic,  and 
include  vegetable  impressions. 

Eighthly :  a  bed,  about  fifty  feet  thick,  of  greenish- 
gray,  compact,  feldspathic  lava,  with  numerous  small 
crystals  of  opa([ue  feldspar,  black  augite,  and  oxide  of 
iron.  The  junction  with  the  bed  on  which  it  rested, 
was  ill  defined  ;  balls  and  masses  of  the  feldspathic 
rock  being  enclosed  in  much  altered  tufi". 

Ninthly  :  indurated  tuffs,  as  before. 

Terithly  :  a  conformable  layer,  less  than  two  feet 
in  thickness,  of  pitclistone,  generally  brecciated,  and 
traversed  by  veins  of  agate  and  of  carbonate  of  lime  : 
parts  are  composed  of  apparently  concretionary  frag- 
ments of  a  more  perfect  variety,  arranged  in  horizontal 
lines  in  a  less  perfectly  characterised  \a1iet5.    \  \kSv.N^ 
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mucli  difficulty  in  believing  that  this  tliin  layer  of 
pitt'hstoDe  flowed  aa  lava. 

Eleveutlily :  Bedimentary  and  tufaceous  beds  as 
before,  passing  into  sandstone,  inclnding  Kime  con- 
glomerate; the  pebbles  in  the  latter  are  of  ciaj'-fltone 
porphyry,  well  rounded,  and  some  as  large  as  cricket- 
balls. 

Twelftbly :  a  bed  of  compact,  sonorous,  feldspathic 
lava,  like  that  of  bed  No.  8,  divided  by  numerous  joints 
into  large  angular  blocks. 

Thirteenthly  :  sedimentary  beds  as  before.  Four- 
teenthly :  a  thick  bed  of  greeniRh  or  grayish  black, 
compact  basalt,  (fusing  into  a  black  enamel)  with  small 
crystals,  occasionally  distinguishable,  of  feldspar  and 
augite:  the  junction  with  the  underlying  sedimentary 
bed,  differently  from  that  in  most  of  the  forgoing 
streams,  here  was  quite  distinct : — the  lava  and  tufoceous 
matter  preserving  their  perfect  characters  within  two 
inches  of  each  other.  This  rock  closely  resembles 
certain  parts  of  that  varied  and  singular  lava-stream 
No.  6  ;  it  Likewise  resembles,  as  we  shall  immediately 
see,  many  of  the  great  upper  beds  on  the  western  flank 
and  on  the  summit  of  this  range. 

The  pile  of  strata  here  described  attains  a  great 
thickness ;  and  above  the  last-mentioned  volcanic  stra- 
tum, there  were  several  other  great  tufaceous  beds 
alternating  with  submarine  lavas,  which  I  had  not  time 
to  examine ;  but  a  corresponding  series,  several  thou- 
sand feet  in  thickness,  is  well  exhibited  on  the  crest 
and  western  flank  of  the  range.  Most  of  the  lava- 
streams  on  the  western  side  are  of  a  jet-black  colour 
and  basaltic  nature ;  they  are  either  compact  and 
fine-grained,  including  minute  crystals  of  augite  and 
feldspar,  or  they  are  coarse-grained  and  abound  with 
rather  large  coppery-brown  crystals  of  an  augitic  mine- 
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raL^  Another  vaxiety  was  of  a  duU-^red  colour,  having 
a  clay-stone  brecciated  basis,  including  specks  of  oxide 
of  iron  and  of  calcareous  spar,  and  amygdaloidal  with 
green  earth :  there  were  apparently  several  other 
varieties.  These  submarine  lavas  often  exhibit  a  sphe-r 
roidal,  and  sometimes  an  imperfect  columnar  structure : 
their  upper  jimctions  are  much  more  clearly  defined 
than  their  lower  junctions ;  but  the  latter  are  not  so 
much  blended  into  the  underlying  sedimentary  beds  as 
is  the  case  in  the  eastern  flank.  On  the  crest  and  west- 
em  flank  of  the  range,  the  streams,  viewed  as  a  whole, 
are  mostly  basaltic ;  whilst  those  on  the  eastern  side, 
which  stand  lower  in  the  series,  are,  as  we  have  seen, 
mostly  feldspathic. 

The  sedimentary  strata  alternating  with  the  lavas 
on  the  crest  and  western  side,  are  of  an  almost  infinitely 
varying  nature  ;  but  a  large  proportion  of  them  closely 
resemble  those  already  described  on  the  eastern  flank : 
there  are  white  and  brown,  indurated,  easily  fusible 
tuflFs, — some  passing  into  pale  blue  and  green  semi- 
porcellanic  rocks, — others  into  brownish  and  purplish 
sandstones  and  gritstones,  often  including  grains  of 
quartz, — others  into  mudstone  containing  broken  crys- 
tals and  particles  of  rock,  and  occasionally  single  large 
pebbles.  There  was  one  stratum  of  a  bright  red,  coarse, 
volcanic  gritstone ;  another  of  conglomerate  ;  another 
of  a  black,  indurated,  carbonaceous  shale  marked  with 
imperfect  vegetable  impressions  ;  this  latter  bed,  which 
was  thin,  rested  on  a  submarine  lava,  and  followed  all 
the  considerable  inequalities  of  its  upper  surface.  Mr. 
Miers  states  that  coal  has  been  found  in  this  range. 
Lastly,  there  was  a  bed  (like  No.  10  on  the  eastern  flank) 
evidently  of  sedimentary  origin,  and  remarkable  from 

*  Very  easily  fusible  into  a  jot  black  bead,  attracted  by  the  magnet : 
the  crystals  arc  too  much  tarnished  to  be  measured  by  the  goniometer. 
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closely  approacliing  in  character  to  an  imperfect  pitcb- 
stone,  and  from  including' estremely  thill  layers  of  perfect 
pit«hstone,  as  well  as  nodules  and  irregular  fragineni.s 
(but  not  resembling  extraneous  fragments)  of  thi?  game 
rock  arranged  in  horizontal  lines  :  I  conceive  that  tMs 
bed,  which  is  only  a  few  feet  in  thickness,  mnst  have 
assumed  its  present  stat«  through  metamorpbic  and 
concretionary  action.  Most  of  these  sedimentary  strata 
are  much  indurated,  and  no  doubt  have  been  partially 
metamorphosed ;  many  of  them  are  extraordinarily 
hea\y  and  compact ;  others  have  agat«  and  crystalline 
carbonate  of  lime  disseminated  throughout  them. 
Some  of  the  beds  exhibit  a  singular  concretionary  ar- 
rangement, with  the  curves  determined  by  the  lines  of 
fissure.  There  are  many  veins  of  agat-e  and  calcareous 
spar,  and  innumerable  ones  of  iron  and  other  metals, 
which  have  blackened  and  curiously  affected  the  strata 
to  considerable  distances  on  both  sides- 
Many  of  these  tufaceous  beds  resemble,  with  the 
exception  of  being  more  indurated,  the  upper  beds  of 
the  great  Patagonian  Tertiary  formation,  especially 
those  variously  coloured  layers  high  up  the  river  Santa 
Cniz,  and  in  a  remarkable  degree  the  tufaceous  forma- 
tion at  the  northern  end  of  Chiloe.  I  was  bo  much 
struck  with  this  resemblance,  that  I  particularly  looked 
out  for  silicified  wood,  and  found  it  under  the  following 
extraordinary  circumstances.  High  up  on  this  western 
flank,'  at  a  height  estimated  at  7,000  feet  above  the 
sea,  in  a  broken  escarpment  of  thin  strata,  composed  of 

'  For  the  information  of  Boy  future  trnTelUr,  I  will  describe  the 
spot  in  detail.  PrwnHling  eastirard  from  the  Aguit  dol  Zorro.  and 
afU:rvHrds  lenving  on  the  north  side  of  the  road  a  rancha  attochml  b> 
(s  through  n  cull)-  with  low  hnt  sleep  rocks 
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compact  green  gritstone  passing  into  a  fine  mudstone^ 
and  alternating  with  layers  of  coarser,  brownish,  very 
heavy  mudstone  including  broken  crystals  and  particles 
of  rock  almost  blended  together,  I  counted  the  stumps 
of  fifty-two  trees.  They  projected  between  two  and 
five  feet  above  the  ground,  and  stood  at  exactly  right 
angles  to  the  strata,  which  were  here  iuclined  at  an 
angle  of  about  25**  to  the  west.  Eleven  of  these  trees 
were  silicified  and  well  preserved :  Mr.  E,  Brown  has 
been  so  kind  as  to  examine  the  wood  when  sliced  and 
polished;  he  says  it  is  coniferous,  partaking  of  the 
characters  of  the  Araucarian  tribe,  with  some  curious 
points  of  affinity  with  the  Yew.  The  bark  round  the 
trunks  must  have  been  circularly  furrowed  with  irregu- 
lar lines,  for  the  mudstone  round  them  is  thus  plainly 
marked.  One  cast  consisted  of  dark  argillaceous  lime- 
stone ;  and  forty  of  them  of  coarsely  crystallised  car- 
bonate of  lime,  with  cavities  lined  by  quartz  crystals : 
these  latter  white  calcareous  columns  do  not  retain  any 
internal  structure,  but  their  external  form  plainly  shows 
their  origin.  All  the  stumps  have  nearly  the  same 
diameter,  varying  from  one  foot  to  eighteen  inches; 
some  of  them  stand  within  a  yard  of  each  other ;  they 
are  grouped  in  a  clump  within  a  space  of  about  sixty 
yards  across,  with  a  few  scattered  round  at  the  distance 
of  150  yards.  They  all  stand  at  about  the  same  level. 
The  longest  stump  stood  seven  feet  out  of  the  ground  : 
the  roots,  if  they  are  still  preserved,  are  buried  and 
concealed.  No  one  layer  of  the  mudstone  appeared 
much  darker  than  the  otliers,  as  if  it  had  formerly  ex- 
isted as  soil,  nor  could  this  be  expected,  for  the  same 
agents  which  replaced  with  silex  and  lime  the  wood  of 
the  trees,  would  naturally  liave  removed  all  vegetable 
matter  from  the  soil.  Besides  the  fifty-two  upright 
trees,  there  were  a  few  fragments,  like  broken  branches, 


honzontaliy  embedded.  The  stuTountiing  strata  are 
crossed  by  veins  of  carbonate  of  lime,  agate,  and  oxide 
of  iron  ;  and  a  poor  gold  vein  has  been  worked  not  6ii 
from  the  trees.  ^_ 

The  green  iiod  brown  mudstone  beds  including  tilft  I 
trees,  are  conforinably  covered  by  much  iuduratedj 
compact,  white  or  ferruginous  tuffs,  which  pass  upwards 
into  a  fine-grained,  purplish  sedimentary  rock ;  these 
strata,  which,  together,  are  from  400  to  500  feet  in 
thickness,  rest  on  a'  thick  bed  of  submarine -lava,  and 
are  conformably  cox'ered  by  another  great  mass  of  fine- 
grained basalt,'  which  I  estimated  at  1,000  feet  in  thick- 
ness, and  which  probably  has  been  formed  by  more  than 
one  stream.  Above  this  mass  I  could  clearly  distin- 
gui^th  five  conformable  nlteniations,  each  several  hun- 
dred feet  in  thickness,  of  stratified  sedimentary  rocks 
and  lavas,  PTich  aa  have  been  previously  described. 
Certainly  the  upright  trees  liave  been  buried  under 
several  thousand  feet  in  thickness  of  matter,  accumu* 
lated  under  t!ie  sea.  As  tlie  trees  obviously  must  once 
have  grown  on  dry  land,  what  an  enormous  amount  of 
subsidence  is  thus  indicated  I  Nevertheless,  had  it  not 
been  for  the  trees  there  was  no  appearance  which  would 
have  led  any  one  even  to  have  conjectured  that  these 
strata  had  subsided.  As  the  land,  moreover,  on  which 
the  trees  grew,  is  formed  of  subaqueous  deposits,  of 
nearly  if  not  rjuite  equal  thickness  with  the  superin- 
ciunhent  strata,  and  as  these  deposits  are  regularly 
stratified  and  fine-grained,  not  like  the  matter  thrown 
up  on  a  sea-beach,  a  previous  upward  movement,  aided 


'  Tliia  rock  is  quite  Unck,  and  fiiua  into  n.  block  bend,  attncted 
HtTODgly  by  the  magneC ;  it  brsiLks  vilh  b  eonchoidul  fraetuTD  ;  the  io- 
clmlrd  cryslnls  of  nugito  aro  distinguishiible  by  the  naked  eye,  bat  an 
not  pi^rfcct  (tnoiigh  to  lie  meoaurcd :  there  ars  ni.iny  minntii  acieolar 
aryiinlB  of  gltuay  feldspitr. 
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no  doubt  by  the  great  accumulation  of  lavas  and  sedi- 
ment, is  also  indicated.^ 

In  nearly  the  middle  of  the  range,  there  are  some 
hills  [Q],  before  alluded  to,  formed  of  a  kind  of  granite 
ecctemally  resembling  audesite,  and  consisting  of  a 
white,  imperfectly  granular,  feldspathic  basis,  including 
some  perfect  crystals  apparently  of  albite  (but  I  was 
tmable  to  measure  them),  much  black  mica,  epidote  in 
veins,  and  very  little  or  no  quartz.  Numerous  small 
veins  branch  from  this  rock  into  the  surrounding 
strata ;  and  it  is  a  singular  fact  that  these  veins,  though 
composed  of  the  same  kind  of  feldspar  and  small  scales 
of  mica  as  in  the  solid  rock,  abound  with  innumerable 
minute  rounded  grains  of  quartz  :  in  the  veins  or  dikes 
also,  branching  from  the  great  granitic  axis  in  the  pen- 
insula of  Tres  Montes,  I  observed  that  quartz  was  more 
abundaut  in  them  than  in  the  main  rock :  I  have  heard 
of  other  analogous  cases  :  can  we  account  for  this  fact, 
by  the  long-continued  vicinity  of  quartz*  when  cooling, 

'  At  first  I  iinngincd,  that  the  strata  vith  the  trees  might  have  been 
accamulated  in  a  lake :  but  this  seems  highly  improbable ;  for,  first,  a 
very  deep  lake  was  necessary  to  receive  the  matter  below  the  trees,  then 
it  most  have  been  drained  for  their  growth,  and  afterwards  re-formed 
and  made  profoundly  deep,  so  as  to  receive  a  subsequent  accumulation 
of  matter  several  thousand  feet  in  thickness.  And  all  this  must  have 
taken  place  necessarily  before  the  formation  of  the  Uspallata  range, 
and  therefore  on  the  margin  of  the  wide  level  expanse  of  the  Pampas ! 
Hence  I  conclude,  that  it  is  infinitely  more  probable  that  the  strata 
were  accumulated  under  the  sea  :  the  vast  amount  of  denudation,  more- 
over, which  this  range  has  suffered,  as  shown  by  the  wide  valleys,  by 
the  exposure  of  the  very  trees  and  by  other  appearances,  could  havo 
been  effected,  I  conceive,  only  by  the  long-continued  action  of  the  sea  ; 
and  this  shows  that  the  range  was  either  upheaved  from  under  the  sea, 
or  subsequently  let  down  into  it.  From  the  natural  manner  in  which 
the  stumps  (fifty -two  in  number)  arc  grovped  in  a  clump,  and  frora 
their  all  standing  vertically  to  the  strata,  it  is  superfluous  to  speculate 
on  the  chance  of  the  trees  having  been  drifted  from  adjoining  land,  and 
deposited  upright  :  I  may,  however,  mention  that  the  late  Dr.  Mal- 
colmson  assured  me.  that  he  once  met  in  the  Indian  Ocean,  fifty  miles 
from  land,  several  cocoa-nut  trees  floating  upright,  owing  to  their  roots 
being  loaded  with  earth. 

*  See  a  paper  by  M.  Elio  do  Beaumont,  » Soc.  Philomath.' May,  1839 
(•  Llnstitut.'  1839,  p.  IGl). 
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and  by  iU  having  been  thns  mmv  ea^flr  soeked  into 
fissures  than  ibe  other  eoiwtitueiii  miw-'ral*  uf  gmiite. 
The  strata  encaamg  the  flanks  of  these  gniutic  or 
sodesitic  maaees,  and  fonniog  a  thick  cap  on  ooe  «£ 
their  euminita,  appear  originallj  to  hare  been  of  iim 
same  ta&ceotis  nature  with  the  beds  alreadr  desccOwd, 
but  they  are  nan  changed  into  porcellanic,  jaspery,  and 
crTstalline  rocks,  and  into  others  of  a  white  coloar  with 
a  harsh  texture,  and  baring  a  eilioeous  aspect,  though 
really  oS  a  f«Idspathie  nature  and  fnsiUe.  Both  the 
granitic  intrusive  maseea  and  the  ettcaaing  stiata  an 
peoBtratad  by  innomerahle  metallic  veans,  nraatiy  £emi- 
ginona  and  auriferous,  but  some  oontaining  coppei^ 
pyritea  and  a  few  Bil\-er  :  near  the  veins,  the  rocks  an 
blackene-'l  n^  if  Ma>-te*l  bj  jpinpowder.  The  strata  are 
only  slightly  dislocated  close  round  these  hills»  and 
hence,  perhaps,  it  may  be  inferred  that  the  granitic 
masses  form  only  the  projecting  points  of  a  broad 
continuous  axis-dome,  which  has  given  to  the  vppet 
parts  of  this  range  its  anticlinal  structure. 

Condvdimg  Remarka  on  the  UepalUUa  Sange, — ^I 
will  not  attempt  to  estimate  the  total  thickness  of  the 
pile  of  strata  forming  this  range,  but  it  must  amount 
to  many  thousand  feet.  The  sedimentary  and  tubceov 
beds  have  throughout  a  general  similarity,  though  with 
infinite  variations.  The  submarine  lavas  in  the  Iowa 
part  of  the  series  are  mostly  feldspathic,  whilst  in  the 
upper  part,  on  the  summit  and  western  flank,  they  an 
mostly  basaltic.  We  are  thus  reminded  of  the  relative 
position  in  most  recent  volcanic  district*  of  the  trachy- 
tic  and  basaltic  lavas, — the  latter  from  their  greater 
weight  having  sunk  to  a  lower  level  in  the  earth*! 
cnist,  and  having  consequently  been  erupted  at  a  later 
period  over  the  lighter  and  upper  lavas  of  the  trachytic 
serict!.'     Both  the  basaltic  and  feldspathic  submarine 
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streams  are  very  compact  -,  none  being  veflicular,  and 
only  a  few  amygdaloidal :  the  effects  which  Bome  of 
them,  especially  those  low  in  the  series,  have  produced 
on  the  tufaceous  beds  over  which  they  have  flowed  is 
highly  curious.  Independently  of  this  local  meta- 
morphic  action,  all  the  strata  undoubtedly  display  an 
indurated  and  altered  character ;  and  all  the  rocks  of 
this  range— the  lavas,  the  alternating  sediments,  the 
intrusive  granite  and  porphyries,  and  the  imderlying 
clay-slate — are  intersected  by  metalliferous  veins.  The 
lava-strata  can  often  be  seen  extending  for  great  di^ 
tances,  conformably  with  the  under-  and  over-lying 
beds ;  and  it  was  obvious  that  they  thickened  towards 
the  west.  Hence  the  poiuta  of  eruption  must  have  been 
situated  westward  of  the  present  range,  in  the  direction 
of  the  main  Cordillera :  as,  however,  the  flanks  of  the 
Cordillera  are  entirely  composed  of  various  porphyries, 
chiefly  claystone  and  greenstone,  some  intrusive,  and 
others  belonging  to  the  porphyritic  conglomerate  for- 
mation, but  all  quite  unlike  these  submarine  lava- 
streams,  we  must  in  all  probability  look  to  the  plain  of 
Uspallata  for  the  now  deeply  buried  points  of  eruption. 
Comparing  our  section  of  the  Uspallata  range  with 
that  of  the  Cumbre,  we  see,  with  the  exception  of  the 
underlying  clay-slate,  and  perhaps  of  the  intrusive  rocks 
of  the  axes,  a  striking  dissimilarity  In  the  strata  com- 
posing them.  The  great  porphyritic  conglomerate 
formation  baa  not  extended  as  far  as  this  range ;  nor 
have  we  here  any  of  the  gypseous  strata,  the  magnesian 
and  other  limestones,  the  red  Fandstones,  the  siliceoiw 
beds  with  pebbles  of  quartz,  and  comparatively  little  of 
the  conglomerates,  all  of  which  form  such  vast  masses 
over  the  basal  series  in  the  main  Cordillera.  On  the 
other  hand,  in  the  Cordillera,  we  do  not  find  those  end- 
less varieties  of  indurated  tuffs,  with  their  1 
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veins  and  concretionary  arrangement,  and  those  grit 
and  mud  stones,  and  Bingular  semi-porcellanic  rocks, 
BO  abundant  in  the  Uspallata  range.  The  submarine 
la^-as,  also,  differ  considerably  ;  the  feldspathic  etreams 
of  the  Cordillera  contain  much  micA,  whicli  is  absent  in 
those  of  the  Uspallata  range :  in  this  latter  range  we 
have  seen  on  liow  grand  a  scale,  basaltic  lava  has  been 
poured  forth,  of  which  there  is  not  a  trace  in  the 
Cordillera.  This  dissimilarity  is  the  more  striking, 
considering  that  these  two  parallel  chains  are  separated 
by  a  plain  only  between  ten  and  tifteen  miles  in  width ; 
and  that  the  Uspallata  lavas,  as  well  as  no  doubt  the 
altei-nating  tufaceous  beds,  have  proceeded  from  the 
west,  from  points  apparently  between  the  two  ranges. 
To  imagine  that  these  two  piles  of  strata  were  con- 
temporaneously deposited  in  two  closely  adjoining,  very 
deep,  submarine  areas,  separated  from  each  other  by 
a  lofty  ridge,  where  a  plain  now  extends,  would  be  a 
gratuitous  faypotbesis.  And  had  they  been  contempo- 
raneously deposited,  without  any  such  dividing  ridge, 
surely  some  of  the  gypseous  and  other  sedimentary 
matter  forming  such  immensely  thick  masses  in  tJie 
Cordillera,  would  have  extended  this  short  distance 
eastwards ;  and  surely  some  of  the  Uspallata  tuffs  and 
basalts  also  accumulated  to  so  great  a  thickness,  would 
have  extended  a  little  westward.  Hence  I  conclude, 
that  it  is  izx  more  probable  that  these  two  series  are 
not  contemporaneous ;  but  that  the  strata  of  one  of  the 
chains  were  deposited,  and  even  the  chain  itself  uplifted, 
before  the  formation  of  the  other : — which  chain,  then, 
is  the  oldest?  Considering  that  in  the  Uspallata  range 
the  lowest  strata  on  the  western  flank  lie  unconforma- 
bly  on  the  clay-slate,  as  probably  is  the  case  with  those 
on  the  eastern  ilank,  whereas  in  the  Cordillera  all  the 
overlying  sti-ata  lie  conformably  on  this  formation: — 
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considering  that  in  the  Uspallata  range  some  of  the 
beds,  both  low  down  and  high  up  in  the  series,  are 
marked  with  vegetable  impressions,  showing  the  con- 
tinned  existence  of  neighbouring  land; — considering 
the  close  general  resemblance  between  the  deposits  of 
this  range  and  those  of  tertiary  origin  in  several  parts 
of  the  continent; — and  lastly,  even  considering  the 
lesser  height  and  outlying  position  of  the  Uspallata 
range, — I  conclude  that  the  strata  composing  it  are  in 
all  probability  of  subsequent  origin,  and  that  they  were 
accumulated  at  a  period  when  a  deep  sea  studded  with 
submarine  volcanos  washed  the  eastern  base  of  the 
already  partially  elevated  Cordillera. 

This  conclusion  is  of  much  importance,  for  we  have 
seen  that  in  the  Cordillera,  during  the  deposition  of 
the  Neocomian  strata,  the  bed  of  the  sea  must  have 
subsided  many  thousand  feet :  we  now  learn  that  at  a 
later  period  an  adjoining  area  first  received  a  great 
accTunulation  of  strata,  and  was  upheaved  into  land  on 
which  coniferous  trees  grew,  and  that  this  area  then 
subsided  several  thousand  feet  to  receive  the  superin- 
cumbent submarine  strata,  afterwards  being  broken  up, 
denuded,  and  elevated  in  mass  to  its  present  height.  I 
am  strengthened  in  this  conclusion  of  there  having 
been  two  distinct,  great  periods  of  subsidence,  by 
reflecting  on  the  thick  mass  of  coarse  stratified  conglo- 
merate in  the  valley  of  Tenuyan,  between  the  Peuquenes 
and  Portillo  lines ;  for  the  accumulation  of  this  mass 
seems  to  me,  as  previously  remarked,  almost  necessarily 
to  have  required  a  prolonged  subsidence;  and  this 
subsidence,  from  the  pebbles  in  the  conglomerate  having 
been  to  a  great  extent  derived  from  the  gypseous  or 
Neocomian  strata  of  the  Peuquenes  line,  we  know  must 
have  been  quite  distinct  from,  and  subsequent  to,  that 
sinking   movement  which   probably  accompanied   the 


deposition  of  the  Peoqoeoea  Etrata,  and  whidi  certainly 
accompanied  llie  depo^tion  of  the  e<^uivaleDt  beds  Dear 
the  Puente  del  Jn«a,  in  this  line  of  Efction. 

The  UepQUata  chain  corresponds  in  geographical 
poMtioD,  tboagb  on  a  small  Fcale,  with  the  PortiUo  line ; 
and  it(<  clav-slate  formation  is  probably  the  equivalent 
of  the  niica-«chist  of  the  Portillo,  tliere  metamorphosed 
l^  the  old  white  granites  and  syenites.  Tbe  colonred 
beds  onder  the  eonglwuCTate  in  the  valley  of  Tenuran, 
of  which  traces  are  seen  on  the  crest  of  the  Portillo, 
and  CTen  the  conglomerate  itself,  may  perhnp«  be 
synchrononB  with  the  tufaceous  beds  and  sutanarine 
larsfl  of  the  Uspallata  range ;  an  open  sea  and  volcanic 
action  in  the  latter  ca?e,  find  a  confined  channel  between 
two  bordering  chains  of  islets  in  the  foiroer  case,  having 
been  suSGcient  to  account  for  the  mineralogical  dissimi- 
larity of  the  two  series.  From  this  correspondence 
between  the  Uspallata  and  Portillo  ranges,  perhaps  in 
age  and  certainly  in  get^raphical  position,  one  is 
tempted  to  consider  the  one  range  as  tbe  prolongation 
of  the  other ;  hut  their  axes  are  formed  of  totally  diffe- 
rent intrusive  rocks;  and  we  have  traced  the  apparent 
continuation  of  the  red  granite  of  tbe  PortiUo  in  the 
red  porphyries  diverging  into  the  main  Cordillera. 
^Miether  tbe  anis  of  the  Uspallata  range  was  injected 
before,  or,  as  perhaps  is  more  probable,  after  that  of 
the  Portillo  line,  I  will  not  pretend  to  decide  ;  but  it 
is  well  to  remember  that  the  highly  inclined  lava- 
streams  on  the  eastern  flank  of  the  Portillo  line,  prove 
that  its  angular  upheavement  was  not  a  single  and 
sudden  event ;  and  therefore  that  the  anticlinal  eleva- 
tion of  the  UKpallata  range  may  have  been  contempo- 
raneous with  some  of  the  later  angular  movements  by 
which  the  gigantic  Portillo  range  gained  its  present 
height  above  the  adjoining  plain. 


f.  XT.  Valparaiso  to  Coquimbo. 
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8ietio»jTom  ISapd  to  OmAirbala ;  Gypatout  formation  aiih  tilicified 
veod — PanmiriiJo — Coqidmbo;  mbta  qf  Arquerot;  ttction  vp  valiey  ; 
fottd* — GvaKO,  foisiU  of-^Copiape  section  up  vallty  ;  Leu  Amolanas 
tiiieifitd  Kood,  conglomeraia,  nalurt  of  former  land,  foiiiU,  ihictnm 
of  $tn>ia,  great  labtidenee  —  Val/e^  of  Deepoblado,  fouiU,  tufactova 
JepoeU,  eOTBpiiaitfd  dialaailiong  of — lidatioru  betieten  ancient  orifica 
tftntptvm  aad  tubttqittnt  axes  of  injection^Iquique,  Pertt,fotaU  of 
tatt-depoiili^JWelaUiferous  feint — Summary  on  the  Porplii/riiic  ain- 
gloToerata  and  Gt/pieous  formations— Great  nibsidence  viilh  partial 
tteeaiions  during  ilie  Crelaceo-oolitic  period — On  the  deimtum  and 
tirveture  of  tine  Cordillera — Recapiliilation  oa  the  Tertiary  series — 
Sttation  beluxen  movaneaia  of  subsidence  and  volcanic  action — Pam- 
pean  formation — Recent  tlrvatorg  movenientl — Long-coniimted  voleante 
aetioa  in  the  Cordillera.     Conclusion. 

Valparaieo  to  Coquimho. — I  have  already  described 
the  general  nature  of  the  rocks  in  the  low  country  north 
of  Valparaiso,  consisting  of  granites,  syenites,  green- 
stones, and  altered  feldspatUic  clay-slate.  Near  Coquimbo 
there  is  much  homblendio  rock  and  various  dusky- 
coloured  porphyries,  I  will  de-^cribc  only  one  section 
in  this  district,  nnmely,  from  near  Illapel  in  a  NE.  line 
to  the  mines  of  Los  Hornos,  and  thence  in  a  north  by 
east  direction  to  Combarbala,  at  the  foot  of  the  main 
Cordillera. 

Near  Illapel,  after  passing  for  some  distance  over 
granite,  andesite,  and  andesitic  porphyry,  we  come  to 
a  greenish  stratified  feldspathic  rock,  which  I  believe 
JB  altered  clay-slate,  conformably  capped  by  porphyries 
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and  porpbyritic  conglomerate  of  great  thickness,  dip-. 
ping  at  an  average  angle  of  20°  to  NE.  by  N.  The 
uppermost  beds  consist  of  conglomerates  and  sandstone 
only  a  little  metamorphosed,  and  conformably  covered 
by  a  gypseous  formation  of  very  great  thickness,  but 
much  denuded.  This  gypseous  formation,  where  Brst 
met  with,  lies  in  a  broad  valley  or  basin,  a  little  south- 
ward of  the  mines  of  Lob  Homos :  the  lower  half  alone 
contains  gypsum,  not  in  great  masses  aa  in  the  Cordillera, 
but  in  innumerable  thin  layers,  seldom  more  than  VS^ 
inch  or  two  in  thickness.  The  gypsum  is  either  opaqm 
or  transparent,  and  is  associated  with  carbonate  of  lim 
The  layers  alternate  with  nmraerous  varying  onea  of  i 
calcareous  clay-shale  (with  strong  nUmiinous  odoui, 
adhering  to  the  tongue,  easily  fusible  into  a  pale  green 
glass),  more  or  less  indurated,  either  earthy  and  cream 
coloured,  or  greenish  and  hard.  The  more  indurated 
varieties  have  a  compact,  homogeneous  almost  crystal- 
line fracture,  and  contain  granules  of  crystallised  oxide 
of  iron.  Some  of  the  varieties  almost  resemble  hone- 
stones.  There  is  also  a  little  black,  hardly  fusible, 
siiiceo-calcareous  clay-slate,  like  some  of  the  varieties 
alternating  with  gypsum  on  the  Peuquenes  range. 

The  upper  half  of  this  gypseous  formation  is  mainly 
formed  of  the  same  calcareous  clay-sliale  rock,  but 
without  any  gypsum,  and  varying  extremely  in  nature : 
it  passes 'from  a  soft,  coarse,  earthy,  ferruginous  state, 
including  particles  of  quartz,  into  compact  clay-stones 
with  crystallised  oside  of  iron, — into  porcellanic  layers, 
alternating  with  seams  of  calcareous  matter,— and  into 
gi'een  porcelain -jasper  excessively  hard,  but  easily 
fusible.  Strata  of  tliis  nature  alternate  with  much 
black  and  brown  siliceo-calcaxeous  slate,  remarkable 
from  the  wonderful  number  of  huge  embedded  logs  of 
silicified  wood.     This  wood,  according  to  Mr.  R.  Brown, 
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18  (judging  from  several  specimens)  all  coniferous. 
Some  of  the  layers  of  the  black  siliceous  slate  contained 
irr^^lar  angular  fragments  of  imperfect  pitchstone, 
which  I  believe,  as  in  the  Uspallata  range,  has  origin- 
ated in  a  metamorphic  process.  There  was  one  bed  of 
a  marly  tufaceous  nature,  and  of  little  specific  gravity. 
Veins  of  agate  and  calcareous  spar  are  numerous.  The 
whole  of  this  gypseous  formation,  especially  the  upper 
half,  has  been  injected,  metamorphosed,  and  locally 
contorted  by  numerous  hillocks  of  intrusive  porphyries 
crowded  together  in  an  extraordinary  manner.  These 
hillocks  consist  of  purple  clay-stone  and  of  various  other 
porphyries,  and  of  much  white  feldspathic  greenstone 
passing  into  andesite;  this  latter  variety  included  in 
one  case  crystals  of  orthitic  and  albitic  feldspar  touch- 
ing each  other,  and  others  of  hornblende,  chlorite,  and 
epidote.  The  strata  surrounding  these  intrusive  hil- 
locks at  the  mines  of  Los  Hornos,  are  intersected  by 
many  veins  of  copper-pyrites,  associated  with  much 
micaceous  iron-ore,  and  by  some  of  gold  :  in  the  neigh- 
bourhood of  these  veins  the  rocks  are  blackened  and 
much  altered.  The  gypsimi  near  the  intrusive  masses 
is  always  opaque.  One  of  these  hillocks  of  porphyry 
was  capped  by  some  stratified  porphyritic  conglomerate, 
whicli  must  Lave  been  brought  up  from  below,  through 
the  whole  immense  thickness  of  the  overlying  gypseous 
formation.  The  lower  beds  of  the  gypseous  formation 
resemble  the  corresponding  and  probably  contempora- 
neous strata  of  the  main  Cordillera ;  whilst  the  upper 
beds  in  several  respects  resemble  those  of  the  Uspallata 
chain,  and  possibly  may  be  contemporaneous  with 
them ;  for  I  have  endeavoured  to  show  that  the  Uspal- 
lata beds  were  accumulated  subsequently  to  the  gyp- 
seous or  Neocomian  formations  of  the  Cordillera. 

This  pile  of  strata  dips  at  an  angle  of  about  20°  to 
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NE.  by  N.,  close  up  to  the  very  foot  of  the  Cuesta  de 
\j3i  Horaos,  a  grooked  raTige  of  mountains  fonuotl  of 
intnisive  rocks  of  the  same  nature  with  the  above  de- 
scribed hillocks.  Only  in  one  or  two  places,  on  this 
south-eastern  side  of  the  range,  I  noticed  a  narrow 
fringe  of  the  upper  gypseous  strata  brushed  up  and 
inclined  south-eastward  from  it.  On  its  north-eastern 
flank,  and  likewise  ou  a  few  of  the  sununits,  the  strati- 
fied porpbyritic  conglomerate  is  inclined  NE, :  so  tliat, 
if  wc  disregard  the  very  narrow  anticlinal  fringe  of 
gypseous  strata  at  its  SE.  foot,  this  range  forms  a 
second  uniclinal  axis  of  elevation.  Proceeding  in  a 
north  by  east  direction  to  the  village  of  Combarbala, 
we  come  to  a  third  escarpment  of  the  porpbyritic  con- 
glomerate, dipping  eastwards,  and  forming  the  outer 
range  of  the  main  Cordillera.  The  lower  beds  were 
here  more  jaspery  than  usual,  and  they  included  some 
white  cherty  strata  and  red  sandstones,  alternating  with 
purple  claystone  porphyry.  Higher  up  in  the  CordiUera 
there  appeared  to  be  a  line  of  andesltic  rocks;  and 
beyond  them,  a  fourth  escarpment  of  the  porpbyritic 
conglomerate,  again  dipping  eastwards  or  inwards. 
The  overlyiDg  gypseous  sttata,  if  they  ever  existed  here, 
have  been  entirely  removed. 

Copper  Mines  of  Panundllo. — From  Combarbala 
to  Coquimbo,  I  traversed  the  country  in  a  zig-zag 
direction,  crossing  and  recrossing  the  porpbyritic  con- 
glomerate and  iinding  in  the  granitic  districts  an  im- 
usual  number  of  mountain-masses  composed  of  various 
intrusive,  porpbyritic  rocks,  many  of  them  andesitic. 
One  common  variety  was  greenish-black,  with  large 
crystals  of  bhickisb  albite.  At  Panuncillo  a  short 
NNW.  and  SSE.  ridge,  with  a  nucleus  formed  of 
greenstone  and  of  a  slate-coloured  porphyry  including 
crystals  of  glassy   feldspar,   deserves   notice,  from   the 
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veiy  singular  nature  of  the  ahnoet  vertical  strata  com- 
posing it.  These  consist  chiefly  of  a  finer  or  coarser 
granular  mixture,  not  very  compact,  of  white  carbonate 
of  lime,  of  protoxide  of  iron  and  of  yellowish  garnets 
(ascertained  by  Prof.  Miller),  each  grain  beiiTg  an 
almost  perfect  crystal.  Some  of  the  varieties  consist 
exclusively  of  granules  of  the  calcareous  spar;  and 
some  contain  grains  of  copper  ore,  and,  I  believe,  of 
quartz.  These  strata  alternate  with  a  bluish,  compact, 
fusible,  feldspathic  rock.  Much  of  the  above  granular 
mixture  has,  also,  a  pseudo-brecciated  structure,  in 
which  fragments  are  obscurely  arranged  in  planes 
parallel  to  those  of  the  stratification,  and  are  con- 
spicuous on  the  weathered  surfaces.  The  fragments 
are  angular  or  rounded,  small  or  large,  and  consist  of 
bluish  or  reddish  compact  feldspathic  matter,  in  which 
a  few  acicular  crystals  of  feldspar  can  sometimes  be 
seen.  The  fragments  often  blend  at  their  edges  into 
the  surrounding  granular  mass,  and  seem  due  to  a  kind 
of  concretionary  action. 

These  singular  rocks  are  traversed  by  many  copper 
veins,  and  appear  to  rest  conformably  on  a  granular 
niixture  (in  parts  as  fine-grained  as  a  sandstone)  of 
quartz,  mica,  hornblende,  and  feldspar;  and  this  on 
fine-grained,  common  gneiss ;  and  this  on  a  laminated 
mass,  composed  of  pinkish  orthitic  feldspar,  including 
a  few  specks  of  hornblende  ;  and  lastly,  this  on  granite, 
which  together  with  andesitic  rocks,  form  the  surround- 
ing district. 

CoquiTTibo :  Mining  Distnct  of  Arqueros. — At 
Coquimbo  the  porphyritic  conglomerate  formation  ap- 
proaches nearer  to  the  Pacific  than  in  any  other  part 
of  Chile  visited  by  me,  being  separated  from  the  coast 
by  a  tract  only  a  few  miles  broad  of  the  usual  plutonic 
rocks,  with  the  addition  of  a  porphyry  having  a  red 


euritic  base.     la  proceeding  to  the  mines  of  Arquero 
the  strata  of  porphyritic  conglomerate  are  at  first  near^ 

I  horizontal,  an   unusual   circumstance,  and   afterwardf^^ 

they  dip  gently  to  SSE.  After  having  ascended  to  ■ 
considerable  height,  we  come  to  an  undulatory  districf 

I  in   which  the  famouH   silver  mines  are   situated:   mj 

examination  was  chiefly  confined  to  those  of  S.  Boea^. 
Most  of  the  rocks  in  this  district  are  stratified,  dipping' 
in  various  directions,  and  many  of  them  are  of  m 
singular  a  nature,  that  at  the  risk  of  being  tedious  j 
must  briefly  describe  them.     The  commonest  variety  14 

I  a  dull-red,  compact,  finely-brecciated  stone,  containioffi 

I  much  iron  and  innumerable  white  crystallised  partidcQ 

of  carbonate  of  lime  and  minnfe  extraneous  fragtnents. 
Anotiicr  vaiifjly  is  almnst.  fijimllj-  i;iin.nnon  lU'iir  S.  Hosa; 
it  has  a  bright  green,  scanty  basis,  including  distinct 
crystals  and  patches  of  white  carbonate  of  lime,  and 
grains  of  red,  semi-micaceous  oside  of  iron  :  in  parts 
the  basis  becomes  dark  gieen,  and  assumes  an  obscure 
ciystallioe  arran<rement,  and  occasionally  in  parts  it  ■ 
becomes  soft  and  slightly  translucent  like  soapstone. 
These  red  and  green  rocks  are  often  qiute  distinct,  and 
often  pass  into  each  other  :  the  passage  being  sometimes 
affected  by  a  fine  brecciated  structure,  particles  of  the 
red  and  green  matter  being  mingled  together.  Some 
of  the  varieties  appear  gradually  to  become  porphyritic 
with  feldspar ;  and  all  of  them  are  easily  fusible  into 
pale  or  dark-coloured  beads,  strongly  attracted  by  the 
magnet.  I  should  perhaps  have  naistaken  several  of 
thess  stratified  rocks  for  submarine  lavas,  like  some  of 
those  described  at  the  Puente  del  Inca,  had  I  not  ex- 
amined, a  few  leagues  eastward  of  this  point,  a  fine  series 
of  analogous  but  less  metamorphosed,  sedimentary  beds 
belonging  to  the  gypseoiis  formation,  and  probably  de- 
rived from  a  volcanic  source. 
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This  formation  is  intersected  by  numerous  metal- 
liferous veins,  runnings  though  irregularly,  NW.  and 
S£.,  and  generally  at  right  angles  to  the  many  dikes. 
The  veins  consist  of  native  silver,  of  muriate  of  silver, 
an  amalgam  of  silver,  cobalt,  antimony,  and  arsenic,^ 
generally  embedded  in  sulphate  of  barytes.  I  was 
assured  by  Mr.  Lambert,  that  native  copper  without  a 
trace  of  silver  has  been  found  in  the  same  vein  with 
native  silver  without  a  trace  of  copper.  At  the  mines 
of  Aristeas,  the  silver  veins  are  said  to  be  unproductive 
as  soon  as  they  pass  into  the  green  strata,  whereas  at 
S.  Bosa,  only  two  or  three  miles  distant,  the  reverse 
happens ;  and  at  the  time  of  my  visit,  the  miners  were 
working  through  a  red  stratum,  in  the  hopes  of  the 
vein  becoming  productive  in  the  underlying  green  sedi- 
mentary mass.  I  have  a  specimen  of  one  of  these  green 
rocks,  with  the  usual  granules  of  white  calcareous  spar 
and  red  oxide  of  iron,  abounding  with  disseminated 
particles  of  glittering  native  and  muriate  of  silver, 
yet  taken  at  the  distance  of  one  yard  from  any 
vein, — a  circumstance,  as  I  was  assured,  of  very  rare 
occurrence. 

Section  Eastward,  up  the  Valley  of  Goquirnho. — 
After  passing  for  a  few  miles  over  the  coast  granitic 
series,  we  come  to  the  porphyritic  conglomerate,  with 
its  usual  characters,  and  with  some  of  the  beds  dis- 
tinctly displaying  their  mechanical  origin.  The  strata, 
where  first  met  with,  are,  as  before  stated,  only  slightly 
inclined  ;  but  near  the  Hacienda  of  Pluclaro,  we  come 
to  an  anticlinal  axis,  with  the  beds  much  dislocated  and 
shifted  by  a  great  fault,  of  which  not  a  trace  is  ex- 
ternally seen  in  the  outline  of  the  hill.  I  believe  that 
this  anticlinal  axis  can  be  traced  northwards,  into  the 

'  See  the  Report  on  M.  Dome3'ko'.s  account  of  these  mines,  in  tho 
*  Comptes  Rendus,'  t.  xiv.  p.^660. 


district  of  Arqueros.  where  a  conspicuous  hill  called 
Cerro  Blanco,  formed  of  a  harsh,  cream-coloured  eiiritic 
rock,  including  a  few  crystals  of  reddish  feldspar,  and 
associated  with  some  purplish  claystone  porphyry,  seems 
to  fall  on  a  lioe  of  elevation.  In  descending  from  the 
Arqiieros  district,  I  crossed  on  the  northern  border  of  the 
valley,  strata  inclined  eastward  from  the  Pluclaro  axis : 
on  the  porphjxitic  conglomerate  there  rested  a  ma^s, 
some  hundred  feet  thick,  of  hrown  lu-gillaceous  limestone, 
in  parts  cryetalltoe,  and  in  parts  almost  composed  of 
Hlpptiritea  CkUmisi^,  d'Orbig. ;  ahove  this  came  a  black 
calcareous  shale,  and  on  it  a  red  conglomernte.  In  the 
brown  limestone,  with  Uie  Hippurites,  there  was  an 
impression  of  a  Peeten  and  a  coml,  and  great  numhers 
of  a  large  Gryphjea,  very  like,  and,  according  to  Prof. 
E.  Forbes,  probably  identical  with  G.  Orientalia,  Forbes 
MS., — a  cretaceous  species  (probably  upper  greensand) 
from  Verdachellnm,  in  Southern  India.  These  fosailfi 
seem  to  occupy  nearly  the  same  position  with  those  at 
the  Puente  del  Inca, — namely,  at  the  top  of  the  por- 
phyritic  conglomerate,  and  at  the  base  of  the  gypseous 
formation. 

A  little  above  the  Hacienda  of  Pluclaro,  I  made  a 
detour  on  the  northern  side  of  the  valley,  to  examine 
the  superincumbent  gypseous  strata,  which  I  egtimated 
at  6,000  feet  in  thickness.  The  uppermost  beds  of  tlte 
porphyritic  conglomerate,  on  which  the  gypseous  strata 
conformably  rest,  are  ^^ariously  coloured,  with  one  very 
singular  and  beautiful  stratum  composed  of  purple 
pebbles  of  \'ariou3  kinds  of  porphyry,  embedded  in 
white  calcareous  spar,  including  cavities  lined  with 
bright-green  crystallised  epidote.  The  whole  pile  of 
strata  belonging  to  both  formations  is  inclined,  ^>- 
parently  from  the  above-mentioned  axis  of  Pluclaro, 
at  an  angle  of  between  20°  and  30"  to  the  east.     I  will 
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here  give  a  section  of  the  principal  beds  met  with  in 
crossing  the  entire  thickness  of  the  gypseous  strata* 

First:  above  the  porphyritic  conglomerate  for- 
mation,  there  is  a  fine-grained,  red,  crystalline  sand- 
stone. 

Secondly :  a  thick  mass  of  smooth-grained,  calcareo- 
aluminous,  shaly  rock,  often  marked  with  dendritic 
manganese,  and  having,  where  most  compact,  the  ex- 
ternal appearance  of  honestone.  It  is  easily  fusible. 
I  shall  for  the  future,  for  convenience  sake,  call  this 
variety  pseudo-honestone.  Some  of  the  varieties  are 
quite  black  when  freshly  broken,  but  all  weather  into 
a  yellowish-ash  coloured,  soft,  earthy  substance,  pre- 
•cisely  as  is  the  case  with  the  compact  shaly  rocks  of 
the  Peuquenes  range.  This  stratiun  is  of  the  same 
general  nature  with  many  of  the  beds  near  Los  Homos 
in  the  Illapel  section.  In  this  second  bed,  or  in  the 
imderlying  red  sandstone,  (for  the  surface  was  partially 
concealed  by  detritus)  there  was  a  thick  mass  of  gypsum, 
having  the  same  mineralogical  characters  with  the 
great  beds  described  in  our  sections  across  the  Cor- 
dillera. 

Thirdly:  a  thick  stratiun  of  fine-grained,  red, 
sedimentary  matter,  easily  fusible  into  a  white  glass, 
like  the  basis  of  claystone  porphyry ;  but  in  parts 
jaspery,  in  parts  brecciated,  and  including  crystalline 
specks  of  carbonate  of  lime.  In  some  of  the  jaspery 
layers,  and  in  some  of  the  black  siliceous  slaty  bands, 
there  were  irregular  seams  of  imperfect  pitchstone, 
undoubtedly  of  metamorphic  origin,  and  other  seams  of 
brown,  crystalline  limestone.  Here,  also,  were  masses, 
externally  resembling  ill-preserved  silicified  wood. 

Fourthly  and  fifthly :  calcareous  pseudo-honestone  ; 
and  a  thick  stratum  concealed  by  detritus. 

Sixthly :  a  thinly  stratified  mass  of  bright  green. 
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compact,  smooth-grained,  calcareo-argillaceoua  stone, 
easily  fusible,  and  emitting  a  strong  aluminous  odour : 
the  whole  liaa  a  highly  angulo-concretionary  structure  ; 
and  it  resembles,  to  a  certain  extent,  some  of  the  upper 
tufaceo-infusorial  deposits  of  the  Patagonian  Tertiary 
formation.  It  is  in  its  nature  allied  to  our  pseiido- 
honestone,  and  it  includes  well  characterised  layers  of 
that  variety  ;  and  other  layers  of  a  pale  green,  harder, 
and  brecciated  variety ;  and  others  of  red  sedimeniary 
matter,  like  that  of  bed  Three.  Some  pebbles  of  por- 
phyries are  embedded  in  the  upper  part. 

Seventhly:  red  sedimentary  matter  or  sandstone 
like  that  of  bed  One,  seveml  hundred  feet  in  thickness, 
and  including  jnspery  layers,  often  having  a  finely 
brecciated  structiire. 

Eighthly :  white,  much  indurated,  almost  crystalline 
tuff,  several  hundred  feet  in  thickness,  including 
rounded  grains  of  quartz  and  particles  of  green  matter 
like  that  of  bed  Six.  Parts  pass  into  a  very  pale  green, 
semi-porcellanic  stone. 

Ninthly :  red  or  brown  coarse  conglomerate,  300  to 
400  feet  thick,  formed  chiefly  of  pebbles  of  porphyries, 
with  volcanic  particles,  in  an  arenaceous,  non-calcareous, 
fusible  basis :  the  upper  two  feet  are  arenaceous  without 
any  pebbles, 

Tenthly:  the  last  and  uppermost  stratum  here 
exhibited,  is  a  compact,  slate-coloured  porphyry,  with 
numerous  elongated  crystals  of  glassy  feldspar,  from  150 
to  200  feet  in  thickness :  it  lies  strictly  conformably 
on  the  underlying  conglomerate,  and  is  undoubtedly  a 
submarine  lava. 

This  great  pile  of  strata  has  been  broken  up  in 
several  places  by  intrusive  hillocks  of  purple  claystone 
porphyry,  and  by  dikes  of  porpbyritic  greenstone :  it  i* 
said   that  a   few  poor  metalliferous  veins   have   been 
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discovered  here.  From  the  fusible  nature  and  general 
appearance  of  the  finer-grained  strata,  they  probably 
owe  their  origin  (like  the  allied  beds  of  the  Uspallata 
range,  and  of  the  upper  Patagonian  Tertiary  formations), 
to  gentle  volcanic  eruptions,  and  to  the  abrasion  of 
volcanic  rocks.  Comparing  these  beds  with  those  in 
the  mining  district  of  Arqueros,  we  see  at  both  places 
rocks  easily  fusible,  of  the  same  peculiar  bright  green 
and  red  colours,  containing  calcareous  matter,  often 
having  a  finely  brecciated  structure,  often  passing  into 
each  other  and  often  alternating  together :  hence  I 
cannot  doubt  that  the  only  difference  between  them, 
lies  in  the  Arqueros  beds  having  been  more  metamor- 
phosed (in  conformity  with  their  more  dislocated  and 
injected  condition),  and  consequently  in  the  calcareous 
matter,  oxide  of  iron  and  green  colouring  matter,  having 
been  segregated  under  a  more  crystalline  form. 

The  strata  are  inclined,  as  before  stated,  from  20^  to 
30**  eastward,  towards  an  irregular  north   and  south 
chain  of  andesitic  porphyry  and  of  porphyritic  green- 
stone, where  tliey  are  abruptly  cut  off".     In  the  valley 
of  Coquimbo,  near  to  the  H.  of  Gualliguaca,  similar 
plutonic   rocks   are  met  with,  apparently  a  southern 
prolongation  of  the  above  chain  ;  and  eastward  of  it  we 
have  an  escarpment  of  the  porphyritic  conglomerate, 
with   the  strata  inclined   at  a  small   angle  eastward, 
which    makes   the   third    escarpment,   including   that 
nearest  the  coast.     Proceeding  up  the  valley  we  come 
to  another  north  and  south  line  of  granite,  andesite, 
and  blackish  porphyry,  which  seem  to  lie  in  an  irregular 
trough  of  the  porphyritic  conglomerate.    Again,  on  the 
south  side  of  the  R.  Claro,  there  are  some  irregular 
granitic  hills,  which  have  thrown  off"  the  strata  of  porphy- 
ritic conglomerate  to  the  NW.  by  W. ;  but  the  stratifica- 
tion here  has  been  much  disturbed.     I  did  not  proceed 
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any  farther  up  the  valley,  and  this  point  is  ahoiit  two- 
thirds  of  the  distance  between  the  Pacific  and  the 
main  Cordillera. 

I  will  describe  only  one  other  section,  namely,  on 
the  north  side  of  the  R.  Claro,  which  is  interesting 
from  containing  fossils :  the  strata  are  much  dislocated 
by  faults  and  dikes,  and  ai-e  inclioed  to  the  north, 
towards  a  mountain  of  andesite  and  porphyry,  into  whieh 
they  appear  to  become  almost  blended.  As  the  beds 
approach  this  mountain,  their  inclination  increases  up 
t«  an  angle  of  70",  and  in  the  upper  part,  the  rocks 
become  highly  metamorphosed.  The  lowest  bed  visible 
ia  this  section,  is  a  purplish  hard  sandstone.  Secondly, 
a  bed  200  or  300  feet  tiiick,  of  a  white  siliceous  sand- 
stone, with  a  calcareous  cement,  containing  seams  of 
slaty  sandstone,  and  of  hard  yellowish-brown  (dolomitic?) 
limestone  ;  numerous,  well-rounded,  little  pebbles  of 
quartz  are  included  in  tho  sandstone.  Thirdly,  a  dark 
coloured  limestone  with  some  quartz  pebbles,  from  fifty 
to  sixty  feet  in  thickness,  containing  numerous  siliciBed 
shells,  presently  to  be  enumerated.  Fourthly,  very 
compact,  calcareous,  jaspery  sandstone,  passing  into 
(fifthly)  a  great  bed,  several  hundred  feet  thick,  of 
conglomerate,  composed  of  pebbles  of  white,  red,  and 
purple  porphyries,  of  sandstone  and  quartz,  cemented 
by  calcareous  matter.  I  observed  that  some  of  the 
finer  parts  of  this  conglomerate  were  much  indurated 
within  a  foot  of  a  dike  eight  feet  in  width,  and  were 
rendered  of  a  paler  colour  with  the  calcareous  matter 
segregated  into  white  crystallised  particles ;  some  parts 
were  stained  green  from  the  colouring  matter  of  the 
dike.  Sixthly,  a  thick  mass,  obscurely  stratified,  of  a 
red  sedimentary  stone  or  sandstone,  full  of  ciystalline 
calcareous  matter,  imperfect  ciystals  of  oxide  of  iron, 
and  I  believe  of  feldspar,  and  therefore  closely  resem- 
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bling  some  of  the  highly  metamorphosed  beds  at  Ar- 
queros :  this  bed  was  capped  by,  and  appeared  to  pass 
in  its  upper  part  into,  rocks  similarly  coloured,  con- 
taining calcareous  matter,  and  abounding  with  minute 
crystals,  mostly  elongated  and  glassy,  of  reddish  albite* 
Seventhly,  a  conformable  stratum  of  fine  reddish  por- 
phyry with  large  crystals  of  (albitic  ?)  feldspar ;  pro- 
bably a  submarine  lava.  Eighthly,  another  conformable 
bed  of  green  porphyry,  with  specks  of  green  earth  and 
cream-coloured  crystals  of  feldspar.  I  believe  that 
there  are  other  superincumbent  crystalline  strata  and 
submarine  lavas,  but  I  had  not  time  to  examine  them. 
The  upper  beds  in  this  section  probably  correspond 
with  parts  of  the  great  gypseous  formation ;  and  the 
lower  beds  of  red  sandstone  conglomerate  and  fossili- 
ferous  limestone  no  doubt  are  the  equivalents  of  the 
Hippurite  stratum,  seen  in  descending  from  Arqueros 
to  Pluclaro,  which  there  lies  conformably  upon  the 
porphyritic  conglomerate  formation.  The  fossils  found 
in  the  third  bed,  consist  of — 

Pecten  Dufreynoyi,  d'Orbig.  *  Voyage,  Part.  Pal.' 

This  species,  which  occurs  here  in  vast  numbers,  according  to  M» 
d'Orbigny,  resembles  certain  cretaceous  forms. 

Ostrea  hemispherica,  d'Orbig.  '  Voyage,  &c.' 

Also  resembles,  according  to  the  same  author,  cretaceous  forms. 

Terebratula  senigma,  d'Orbig.  '  Voyage,  &c.'  (PI. 
XXII.  figs.  10—12),  and  PL  V.  figs,  10,  11,  12  of  this 
work. 

Is  allied,  according  to  M.  d'Orbigny,  to  T.  concinna  from  *the  Forest 
Marble.  A  series  of  this  species,  collected  in  severjil  localities  here- 
after to  be  referred  to,  has  been  laid  before  Prof  E.  Forbes ;  and  he 
informs  mo  that  many  of  the  specimens  are  almost  undistinguishablo 
from  our  oolitic  T.  tetraedra,  and  that  the  varieties  amongst  them  are 
such  as  are  found  in  that  variable  species.  Generally,  speaking  the 
American    specimens  of  T.  senigma  may  bo  distinguished  from  the 
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Britith  T.  tetmudra.  b.v  Iba  Biirr»ai  bsving  tbo  ribs  shnrp  and  wdl 
iIsQuimI  lu  ibr  li«iik.  whiUt  in  the  British  spcdta  tbfy  become  obonletA 
mid  amoolbml  down :  but  thin  ciiffrrencs  is  not  conrtimt.  Prof.  Forbs* 
adds,  that,  pOAtibly,  inturnitl  cbsmcUra  niaj  exi»t,  wbidi  vunld  distia> 
guisli  tho  Amtrican  apeclos  froni  its  Eoniponn  iillits. 

Spirifer  linguiferoides,  E.  Forbes,  PI.  V.  figB.  17, 18. 

ProfasBor  Forbes  aIntflB  (see  Appendix)  thutthis  speciee  is  very  near 
t«  S.  lingiiiforo  of  PblUips  (a  csrlniaiferouii  limeBtiine  foasil).  but  pro- 
bably diitinc^t,  M.  d'Orbigny  eunaiders  it  lis  perhaps  indicating  tht 
Jumssic  period. 

Ammonites,  imperfect  impreeaion  of. 

M.  Domeyko  lias  sent  to  France  a  collection  of 
foasUs,  which,  I  presume,  from  the  deEcriptioa  given, 
must  have  come  &om  the  neighbourhood  of  Arqaeros; 
they  oonsist  of — 

Pecten  Dufreynoyi,  d'Orbig. '  Voyage,  Part,  Pal.' 

Ostrea  hemispfaerica,  do.  do. 

Turritella  Andii,  do.  do.  (Pleurotomarla  Htunboldtii 
of  Von  Bucb). 

Hippurites  Chilengis,  do.  do. 

The  Bpecimens  of  thia  HippnriU,  M  well  ni  tliose  I  collected  in  mj 
descent  from  Arqueroa,  are  very  imperfecC ;  but  in  M.  d'Orbign/i 
Dpiuian  they  resemble,  u  doee  the  TurritelLi  Andii,  cretoceooi  (upper 
greeaeand)  tbrms. 

Nautilus  Domeykufl,  d'Orbig.  do.  do. 
Terebratula  snigma,  do.  do. 
Terebratula  ignaciana,  do.  do. 

This  Inttor  Bppcica  iras  found  by  M.  Domej'bo  in  th»  snrae  block  of 
limentone  vith  tbs  T.  tcnigma.  According  to  U.  d'Orbigny,  it  come* 
near  to  T.  ririiithocephHLi  from  the  Line.  A  series  of  tills  specie*  eol- 
lecled  at  Gunsco,  Iiiik  been  emmined  by  Professor  E,  Foibee,  find  he 
Btntes  thiit  it  is  diffimlt  (o  distinguiab  between  some  of  the  Bpecimsot 
and  the  T.  hoatata  from  the  mountain  limestone  ;  and  that  it  la  equally 
difficult  to  drair  ii  line  betwen  them  and  eome  Marlstono  Terebratulir. 
Witbont  B.  knoirlfdRcof  theint«mal  atruclure.  it  is  imposaible  at  present 
to  decide  on  their  identity  with  nnalogous  liuropean  forms. 

Tlic  remarks  given  on  the  several  foregoing  sheila, 
show   that,  in   M.   d'Orbigny'a    opinion,   the  Pect«n, 
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Ostrea,  Turritella,  and  Hippurite  indicate  the  creta- 
ceous period;  and  the  Gryphsea  appears  to  Prof. 
Forbes  to  be  identical  with  a  species,  associated  in 
Southern  India  with  unquestionably  cretaceous  forms. 
On  the  other  hand,  the  two  Terebratulse  and  the  Spirifer 
point,  in  the  opinion  both  of  M.  d'Orbigny  and  Prof. 
Forbes,  to  the  oolitic  series.  Hence  M.  d'Orbigny,  not 
having  himself  examined  this  country,  lias  concluded 
that  there  are  here  two  distinct  formations ;  but  the 
Spirifer  and  T.  senigma  were  certainly  included 
in  the  same  bed  with  the  Pecten  and  Ostiea,  whence  I 
extracted  them ;  and  the  geologist  M.  Domeyko  sent 
home  the  two  Terebratulse  with  the  other-named  shells, 
from  the  same  locality,  without  specifying  that  they 
came  from  different  beds.  Again,  as  we  shall  presently 
see,  in  a  collection  of  shells  given  me  from  Guasco,  the 
flame  species,  and  others  presentinganalogous  differences 
are  mingled  together,  and  are  in  the  same  condition ; 
and  lastly,  in  three  places  in  the  valley  of  Copiapo,  I 
found  some  of  these  same  species  similarly  grouped. 
Hence  there  cannot  be  any  doubt,  highly  curious 
though  the  fact  be,  that  these  several  fossils,  namely, 
the  Hippurites,  Gryphsea,  Ostrea,  Pecten,  Turritella, 
Nautilus,  two  Terebratulse,  and  Spirifer  all  belong  to 
the  same  formation,  which  would  appear  to  form  a 
passage  between  the  oolitic  and  cretaceous  systems  of 
Europe.  Although  aware  how  unusual  the  term  must 
soimd,  I  shall,  for  convenience  sake,  call  this  formation 
cretaceo-oolitic.  Comparing  the  sections  in  this  valley 
of  Coquimbo  with  those  in  the  Cordillera  described  in 
the  last  chapter,  and  bearing  in  mind  the  character  of 
the  beds  in  the  intermediate  district  of  Los  Homos, 
there  is  certainly  a  close  general  mineralogical  resem- 
blance between  them,  both  in  the  underlying  porphy- 
ritic    conglomerate,   and  in    the  overlying    gypseous 


Condderiagtluf  mptnManre,  and  Omt  the 
fc«U  from  tbe  Foente  dd  Inca  >t  the  bve  ctf  the 
gjpaeocB  fimBBtioB,  and  thtooglioat  the  greater  part  of 
ito  flntice  thieknea  on  th«  IVaqneBes  noge,  mdiMto 
the  Neoeamiaii  period, — ttat  is,  the  dswn  of  the  oe- 
bcooas  ^steoi,  or,  aa  amiie  hsre  bdiercd,  s  paange  b&- 
tVBfl)  thii  latto'  and  the  oolitie  aeciee — I  eomdiMle  that 
pfofaabfy  the  gjpBeons  and  anodatcd  bedt  in  all  the 
sections  hitherto  described,  belong  to  the  suae  gnat 
famaJdoD,  wtutii  I  have  dEnomiitated — i  irlmiu  ~«i**" 
I  may  add,  before  Ifsviog  Coc{tomfao,  that  M.  Gsyfaasd 
in  the  Be^famrii^  CcvdiUefa,  at  thefaeigfatof  14^000 
Cset  above  the  an,  a  fimalifenNn  ftuiiution,  indnding  a 
Trigonia  and  PholadoinTa : ' — ^toth  of  which  genera 
occar  at  the  Poente  del  Inca. 

Coquimbo  to  Gvaeco.— The  rocks  near  the  coast, 
and  some  way  intand,  do  not  differ  from  tboee  described 
northwards  of  Valparaiso:  we  hare  mnch  greenstone, 
syenite,  feldspathic  and  jafperr  slate,  and  giauwackea 
baving  a  hasia  like  that  of  clarstoae ;  there  are  some 
large  tracts  of  granite,  in  which  the  constituent 
minerals  are  sometimes  arranged  in  folia,  thus  compoe- 
ing  an  imperfect  gneiss.  There  are  two  tai^  districts 
of  mica-fichist,  passing  into  glossy  clay-slate^  and  re- 
sembling the  great  formation  in  the  Chonos  Archipelago. 
In  the  valley  of  Gnasco,  an  escarpment  of  porphyritic 
conglomerate  is  first  seen  high  up  the  valley,  about  two 
leagnes  eastward  of  the  town  of  Ballenar.  I  hesud  of  a 
great  gypbcous  formation  in  the  Cordillera  ;  and  a  c<d- 
lection  of  shells  made  there  was  given  me.  These 
shells  are  all  in  the  same  condition,  and  appear  to  have 
come  from  the  same  bed  :  they  consist  of — 

'  D'Orligdv,  ■  VoragB,  Part.  GJolcg,'  p.  243. 
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Turritella  Andii,  d'Orbig. '  Voyage,  Part.  Pal.' 
Pecten  Dufreynoyi,         do. 
Terebratula  ignaciana,  do. 

The  relations  of  these  species  have  been  given  under  the  head  of 
Coquimbo. 

Terebratula  senigma,  d'Orbig. '  Voyage,  Part.  Pal.' 
(var.  E.  Forbes,  PI.  V.  figs.  13,  14). 

This  shell  H.  d'Orbignj  does  not  consider  identical  with  his  T. 
senigma,  but  near  to  T.  obsoleta.  Professor  Forbes  thinks  that  it  is  cer- 
tainly a  variety'  of  T.  senigma,  and  his  observations  on  this  species  are 
^ven  in  the  list  of  fossils  from  Coquimbo :  ve  shall  meet  inth  this 
Tarietv  again  at  Cupiapo. 

Spirifer  Chilensis,  E.  Forbes,  PI.  V.  figs.  15,  16. 

Professor  Forbes  remarks  that  this  fossil  resembles  several  carboni- 
ferous limc<$tono  Spirifers ;  and  that  it  is  also  related  to  some  liassic 
species,  as  S.  Wolcotii. 

If  these  shells  had  been  examined  independently  of 
the  other  collections,  they  would  probably  have  been 
considered,  from  the  characters  of  the  two  Terebratulae 
and  from  the  Spirifer,  as  oolitic ;  but  considering  that 
the  three  first  species,  and  according  to  Professor  Forbes, 
the  four  first,  are  identical  with  those  from  Coquimbo, 
the  two  formations  no  doubt  are  the  same,  and  may, 
as  I  have  said,  be  provisionally  called  cretaceo-oolitic. 

Valleu  of  Copiapo. — The  journey  from  Guasco  to 
Copiapo,  owing  to  the  utterly  desert  nature  of  the 
coimtiy,  was  necessarily  so  hurried,  that  I  do  not  con- 
sider my  notes  worth  giving.  In  the  valley  of  Copiapo 
some  of  the  sections  arc  very  interesting.  From*  the 
sea  to  the  town  of  Copiapo,  a  distance  estimated  at 
thirty  miles,  the  mountains  are  composed  of  greenstone, 
gi-anite,  andesite,  and  blackish  porphyry,  together  with 
some  dusky-gi'een  feldspathic  rocks,  which  I  believe  to 
be  altered  clay-slate :  these  mountains  are  crossed  by 
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many  brown-coloured  dikes,  nmning  north  and  ftoutb. 
Above  tbe  town,  the  main  valley  nms  in  a  south-east 
and  even  more  southerly  course  towards  the  Cordillera, 
where  it  ia  divided  into  three  great  ravines,  by  the 
northern  one  of  which,  call  Jolquera,  I  penetrated  for  a 
short  distance.  The  coloured  eection,  fig.  3  in  Plate  I,, 
gives  an  eye-sketth  of  Uie  structure  and  composition 
of  the  mountains  on  both  sides  of  this  valley :  ji  straight 
cast  and  west  line  from  tbe  town  to  the  Cordilksra  is 
perhaps  not  more  than  thirty  miles,  but  along  the 
valley  the  distance  is  much  greater.  Wherever  the 
valley  trended  very  southerly,  I  have  endeavom^ed  to 
contract  tbe  section  into  its  true  proportion,  Tliis 
valley,  I  laity  add,  rises  much  more  gently  tlian  any 
other  valley  which  I  saw  in  Chile. 

To  commence  with  our  section,  for  a  short  distance 
above  the  town  we  have  hills  of  the  granitic  series, 
together  with  some  of  that  rock,  [A],  which  I  suspect 
to  be  altered  clay-slate,  but  which  Prof.  G.  Bose,  judg- 
ing from  specimens  collected  by  Meyen  at  P.  Negro, 
states  is  serpentine  passing  into  greenstone.  We  then 
come  suddenly  to  the  great  Gypseous  formation  [B^ 
without  having  passed  over,  differently  from  in  all  the 
sections  hitherto  described,  any  of  the  porphyritic  con- 
glomerate. The  strata  ate  at  first  either  horizontal  or 
gently  inclined  westward ;  then  highly  inclined  in 
various  directions,  and  contorted  by  underlying  masses 
of  intrusive  rocks ;  and  lastly,  they  have  a  regular  east- 
ward dip,  and  form  a  tolerably  well  pronounced  north 
and  south  line  of  hills.  This  formation  coniiiists  of 
thin  strata,  with  innumerable  alternations,  of  black, 
calcareous  slate-rock,  of  calcareo-aluminous  stones  like 
those  at  Coquimbo,  which  I  have  called  pseudo-hone- 
stones,  of  green  jaspery  layers,  and  of  pale-purplish 
I'alcareons,  soft  rottenstone,  including  seams  and  veins 
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of  gypsum.  These  strata  are  conformably  overlaid  by  a 
great  thickness  of  thinly  stratified,  compact  limestone 
with  included  crystals  of  carbonate  of  lime.  At  a  place 
called  Tierra  Amarilla,  at  the  foot  of  a  mountain  thus 
composed,  there  is  a  broad  vein,  or  perhaps  stratum,  of 
a  beautiful  and  curious  crystalUsed  mixture,  composed, 
according  to  Prof.  Gr.  Eose,*  of  sulphate  of  iron  under 
two  forms,  and  of  the  sulphates  of  copper  and  alumina : 
the  section  is  so  obscure  that  I  could  not  make  out 
whether  this  vein  or  stratum  occurred  in  the  gypseous 
formation,  or  more  probably  in  some  underlying  masses 
[A],  which  I  believe  are  altered  clay-slate. 

Second  Axis  of  Elevation, — After  the  gypseous 
masses  [B],  we  come  to  a  line  of  hills  of  imstratified 
porphjrry  [C],  which  on  their  eastern  side  blend  into 
strata  of  great  thickness  of  porphyritic  conglomerate, 
dipping  eastward.  This  latter  formation,  however,  here 
has  not  been  nearly  so  much  metamorphosed  as  in  most 
parts  of  central  Chile ;  it  is  composed  of  beds  of  true 
purple  claystone  porphyry,  repeatedly  alternating  with 
thick  beds  of  purplish-red  conglomerate  with  the  well- 
rounded,  large  pebbles  of  various  porphyries,  not  blended 
together. 

TIdrd  Axis  of  Elevation. — Near  the  ravine  of  Los 
Homitos,  there  is  a  well-marked  line  of  elevation, 
extending  for  many  miles  in  a  NNE.  and  SSW.  direc- 
tion, with  the  strata  dipping  in  most  parts  (as  in  the 
second  axis)  only  in  one  direction,  namely,  eastward  at 
an  average  angle  of  between  30°  and  40°.  Close  to  the 
mouth  of  the  valley,  however,  there  is,  as  represented 
in  the  section,  a  steep  and  high  mountain  [D],  composed 
of  various  green  and  brown  intrusive  porphyries  en- 
veloped with  strata,  apparently  belonging  to  the  upper 
parts  of  the   porphyritic   conglomerate,   and   dipping 

»  Meyen's  •Eeise/  &c.  Th.  1.  8.  394. 
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toth  east wa  1x1  and  westwai-d.  I  will  describe  tie 
section  seen  on  tlie  eastern  side  of  this  mountain  [D], 
beginning  at  the  base  with  the  lowest  bed  visible  in 
the  porphjritic  conglomerate,  and  proceeding  upwards 
through  tbe  gypseous  formation.  Bed  (1)  consista  of 
reddisli  and  brownish  porphyry  varying  in  character, 
iind  in  many  parts  highly  amygdaloidal  with  caibonate 
of  lime,  and  witli  bright  green  and  brown  bole.  Its 
upper  surface  ia  throughout  clearly  defined,  but  the 
lower  surface  is  in  most  parts  indistinct,  and  towards 
the  summit  of  the  mountain  [D]  quite  blended  into 
the  intrusive  porphyries.  Bed  (2),  a  pale  lilac,  hard 
but  not  heavy  stone,  slightly  laminated,  including  small 
txtraufous  fragments,  and  impei-fect  as  well  as  some 
perfect  and  glassy  crystals  of  feldspar;  from  150  to 
200  feet  in  thicliuess,  ^^'hen  examining  it  in  situ, 
I  thought  it  was  certainly  a  true  ])orphyry,  but  my 
specimens  now  lead  me  to  suspect  that  it  possibly  may 
be  a  metamorphosed  tuff.  From  iti  colour  it  could  be 
traced  for  a  long  distance,  overlying  in  one  part,  quite 
conformably  t:0  the  porphyry  of  bed  1,  and  in  another 
not  distant  part,  a  very  thick  mass  of  conglomerate, 
composed  of  pebbles  of  a  porphyry  chiefly  like  that  of 
bed  1 :  this  fact  shows  how  the  nature  of  the  bottom 
formerly  varied  in  short  horizontal  distances.  Bed  (3), 
white,  much  indurated  tuff,  containing  minute  pebbles, 
broken  crystals,  and  scales  of  mica,  varies  much  in 
thickness.  This  bed  is  remarkable  from  containing 
many  globular  and  pear-shaped,  externally  rusty  balls, 
from  the  size  of  an  apple  to  a  man's  head,  of  very 
tough,  slate-coloured  porphyry,  with  imperfect  crystals 
of  feldspar  :  in  shape  these  balls  do  not  resemble  pebbles, 
and  I  believe  thttt  they  are  subaqueous  volcanic  bombs; 
they  differ  from  snbaeriat  bombs  only  in  not  being 
vesicular.     Bed  (4) ;  a  dull  purplish-red,  hard  conglo- 
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merate,  with  crystallised  particles  and  veins  of  carbonate 
of  lime^  from  300  to  400  feet  in  thickness.  The 
pebbles  are  of  claystone  porphjnries  of  many  varieties ; 
they  are  tolerably  well  rounded,  and  vary  in  size  from 
a  large  apple  to  a  man*s  head.  This  bed  includes 
three  layers  of  coarse,  black,  calcareous,  somewhat 
filaty  rock :  the  upper  part  passes  into  a  compact  red 
fiandstone. 

In  a  formation  so  highly  variable  in  mineralogical 
nature,  any  division  not  founded  on  fossil  remains, 
must  be  extremely  arbitrary:  nevertheless,  the  beds 
below  the  last  conglomerate  may,  in  accordance  with 
all  the  sections  hitherto  described,  be  considered  as 
belonging  to  the  porphyritic  conglomerate,  and  those 
above  it  to  the  gypseous  formation,  marked  [E]  in  the 
flection.  The  part  of  the  valley  in  which  the  following 
beds  are  seen  is  near  Potrero  Seco.  Bed  (5),  compact, 
fine-grained,  pale  greenish-gray,  non-calcareous,  indu- 
rated mudstone,  easily  fusible  into  a  pale  green  and 
Avhite  glass.  Bed  (6),  purplish,  coarse-grained,  hard 
sandstone,  with  broken  crystals  of  feldspar  and  crystal- 
lised particles  of  carbonate  of  lime ;  it  possesses  a 
slightly  nodular  structiure.  Bed  (7),  blackish-gray, 
mucli  indurated,  calcareous  mudstone,  with  extraneous 
particles  of  unequal  size ;  the  whole  being  in  parts 
finely  brecciated.  In  this  mass  there  is  a  stratum,  twenty 
feet  in  thickness,  of  impure  gypsum.  Bed  (8),  a 
greenish  mudstone,  with  several  layers  of  gypsum.  Bed 
(9),  a  highly  indurated,  easily  fusible,  white  tuff,  thickly 
mottled  with  ferruginous  matter,  and  including  some 
Tvhite  semi-porcellanic  layers,  which  are  interlaced  with 
ferruginous  veins.  This  stone  closely  resembles  some 
of  the  commonest  varieties  in  the  Uspallata  chain. 
Bed  (10),  a  thick  bed  of  rather  bright  green,  indurated 
mudstone  or  tiiflF,  with  a  concretionary  nodular  structure 
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BO  Btronglj  developed  that  the  whole  muss  consists  of 
lialls.  I  will  not  attempt  to  estimate  the  thicknesa  of 
the  strata  iu  the  gypseouB  formation  hitlierto  deacrihed, 
but  it  must  certainly  be  very  many  hundred  feet.  Bed 
(11)  ia  at  least  800  feet  in  thickness:  it  consists  of  thin 
layers  of  whitish,  greeniah,  or  more  commonly  brown, 
fine-grained  indurated  tuffs,  which  crumble  into  angular 
fragmenia:  some  of  the  layers  arc  somi-porcellanic, 
many  of  them  highly  ferruginous,  and  some  are  almost. 
composed  of  carbonate  of  lime  and  iron  with  dnisy 
cavities  lined  with  quartz-crystals.  Bed  (12),  dull  pur- 
plish or  greenish  or  dark-gray,  very  compact  and  much 
indurated  mudstone :  estimated  at  1,500  feet  in  thick- 
ness: ill  wurae  parta  this  rock  assumes  the  character  of 
an'  imperfect  coarse  clay-slate ;  but  viewed  under  a  lens, 
the  basis  always  has  a  mottled  appearance,  with  the 
edges  of  the  minute  component  particles  blending  to- 
gether. Parts  are  calcareous,  and  there  are  numerous 
veins  of  highly  crystalline  carbonate  of  lime  charged 
with  iron.  The  mass  has  a  nodular  structme,  and  is 
divided  by  only  a  few  planes  of  stratification :  there 
are,  however,  two  layers,  each  about  eighteen  inches 
thick,  of  a  dark  brown,  finer-grained  stone,  having  a 
conchoidal,  semi-porcellanic  fracture,  which  can  be 
followed  with  the  eye  for  some  miles  across  the  country. 
I  believe  this  last  great  bed  is  covered  by  other 
nearly  similar  alternations;  but  the  section  is  here 
obscured  by  a  tilt  from  the  next  porphyritic  chain, 
presently  to  be  described.  I  have  given  this  section  in 
detail,  as  being  illustrative  of  the  general  character  of 
the  mountains  in  this  neighbourhood ;  but  it  must  not 
be  supposed  that  any  one  stratum  long  preserves  the 
same  character.  At  a  distance  of  between  only  two  and 
three  miles,  the  green  mudstones  and  white  indurated 
tuffs  are  to  a  great  extent  replaced  by  red  sandstone 
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and  black  calcareous  shaly  rocks^  alternating  together* 
The  white  indurated  tuff,  bed  (11 ),  here  contains  little 
or  no  gypsum,  whereas  on  the  northern  and  opposite 
side  of  the  valley,  it  is  of  much  greater  thickness  and 
abounds  with  layers  of  gypsum,  some  of  them  alternat- 
ing with  thin  seams  of  crystalline  carbonate  of  lime. 
The  uppermost,  dark  coloured,  hard  mudstone  (bed  12) 
is  in  this  neighbourhood  the  most  constant  stratum. 
The  whole  series  differs  to  a  considerable  extent, 
especially  in  its  upper  part,  from  that  met  with  at 
[BB],  in  the  lower  part  of  the  valley ;  nevertheless,  I 
do  not  doubt  that  they  are  equivalents. 

Fourth  Axis  of  Elevation^  (  Valley  of  Copiapo,) — 
This  axis  is  formed  of  a  chain  of  mountains  [F],  of 
which  the  central  masses  (near  La  Punta)  consist  of 
andesite  containing  green  hornblende  and  coppery  mica, 
and  the  outer  masses  of  greenish  and  black  porphyries, 
together  with  some  fine  lilac-coloured  claystone  por- 
phyry ;  all  these  porphyries  being  injected  and  broken 
up  by  small  hiunmocks  of  andesite.  The  central  great 
mass  of  this  latter  rock,  is  covered  on  the  eastern  side 
by  a  black,  fine-grained,  highly  micaceous  slate,  which, 
together  with  the  succeeding  mountains  of  porphyry, 
are  traversed  by  numerous  white  dikes,  branching  from 
the  andesite,  and  some  of  them  extending  in  straight 
lines,  to  a  distance  of  a  least  two  miles.  The  mountains 
of  porphyry  eastward  of  the  micaceous  schist  soon,  but 
gradually,  assume  (as  observed  in  so  many  other  cases) 
a  stratified  structure,  and  can  then  be  recognized  as  a 
part  of  the  porphyritic  conglomerate  formation.  These 
strata  [G]  are  inclined  at  a  high  angle  to  the  SE.,  and 
form  a  mass  from  1,500  to  2,000  feet  in  thickness. 
The  gypseous  masses  to  the  west  already  described,  dip 
directly  towards  this  axis,  with  the  strata  only  in  a  few 
places  (one  of  which   is   represented   in  the  section) 


thrown  from  it ;  hence  this  fourth  asU  is  mainly^ 
unielinal  towards  the  SE.,  and  just  like  our  third  axis, 
only  locally  anticlinal. 

The  above  strata  of  porphyritic  conglomerate  [G] 
with  their  south-eastward  dip,  come  abruptly  up  against 
beds  of  the  gypseous  formation  [H],  which  are  gently, 
hut  iiTPgularly,  inclined  westward :  so  that  there  is 
here  a  synclinal  axis  and  great  fault.  Farther  up  the 
valley,  here  running  nearly  north  and  sontli,  the  gypse- 
ous formation  is  prolonged  for  some  distance ;  but  the 
stratification  is  unintelligible,  the  whole  being  broken 
up  by  faults,  dikes,  and  metalliferous  veins.  The  strata 
consist  chiefly  of  red  calcareous  sandstones,  with  nume- 
rous veins,  in  the  place  of  layers,  of  gypsum  :  the  sand- 
stone is  associated  with  some  black  calcareous  elate-rock, 
and  with  green  pseudo-honest  ones,  passing  into  porce- 
lain-jasper. Still  farther  up  the  valley,  near  Las  Amo- 
lanas,  [I]  tlte  gypseous  strata  become  more  regular, 
dipping  at  an  angle  of  between  30°  and  40°  to  WSW., 
and  conformably  overlying,  near  the  mouth  of  the  ravine 
of  Jolquera,  strata  [K]  of  porphyritic  conglomerate.  The 
whole  series  has  been  tilted  by  a  partially  concealed 
axis  [L],  of  granite,  andesite,  and  a  granitic  mixture 
of  white  feldspar,  quartz,  and  oxide  of  iron. 

Fifth  Axis  of  Elevation  (  Valley  of  Copiapo,  rtear 
Loa  Amolanas). — I  will  describe  in  some  detail  the 
beds  [I]  seen  here,  which  as  just  stated,  dip  toWSW., 
at  an  angle  of  from  30°  to  40°.  I  had  not  time  to 
examine  the  underlying  porphyritic  conglomerate,  of 
which  the  lowest  beds,  as  seen  at  the  mouth  of  the 
Jolquera,  are  highly  compact,  with  crystals  of  rod  oxide 
of  iron ;  and  I  am  not  prepared  to  say  whether  they 
are  chiefly  of  volcanic  or  metamorphic  origin.  On 
these  beds  there  rests  a  coarse  purplish  conglomerate, 
very   little   metamorphosed,   composed   of  pebbles   of 
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porphyry,  but  remarkable  from  containing  one  pebble 
of  granite ; — of  which  fact  no  instance  has  occurred  in 
the  sections  hitherto  described.  Above  this  conglome- 
rate, there  is  a  black  siliceous  clay-stone^  and  above  it 
numerous  alternations  of  dark-purplish  and  green  por- 
phyries, which  may  be  considered  as  the  uppermost 
limit  of  the  porph3nritic  conglomerate  formation. 

Above  these  porphjndes  comes  a  coarse,  arenaceous 
conglomerate,  the  lower  half  white  and  the  upper  half 
of  a  pink  colour,  composed  chiefly  of  pebbles  of  various 
porphj^es,  but  with  some  of  red  sandstone  and  jaspery 
rocks.  In  some  of  the  more  arenaceous  parts  of  the 
conglomerate,  there  was  an  oblique  or  current  lamina^ 
tion ;  a  circumstance  which  I  did  not  elsewhere  observe. 
Above  this  conglomerate,  there  is  a  vast  thickness  of 
thinly  stratified,  pale-yellowish,  siliceous  sandstone, 
passing  into  a  granular  quartz-rock,  used  for  grindstones 
(hence  the  name  of  the  place  Laa  Amolanas)^  and 
certainly  belonging  to  the  gypseous  formation,  as  does 
probably  the  immediately  underlying  conglomerate. 
In  this  yellowish  sandstone  there  are  layers  of  white 
and  pale-red  siliceous  conglomerate ;  other  layers  with 
small,  well-rounded  pebbles  of  white  quartz,  like  the 
bed  at  the  R.  Claro  at  Coquimbo;  others  of  a  greenish, 
fine-pcrained,  less  siliceous  stone,  somewhat  resembling 
the  pseudo-honestones  lower  down  the  valley  ;  and 
lastly,  others  of  a  black  calcareous  shale-rock.  In  one 
of  the  layers  of  conglomerate,  tliere  was  embedded  a 
fragment  of  mica-slate,  of  which  this  is  the  first  instance; 
hence,  perhaps,  it  is  from  a  formation  of  mica-slate, 
that  the  numerous  small  pebbles  of  quartz,  both  here 
and  at  Coquimbo,  have  been  derived.  Not  only  does 
the  siliceous  sandstone  include  layers  of  the  black, 
thinly  stratified,  not  fissile,  calcareous  shale-rock,  but 
in  one  place  the  whole  mass,  especially  tlie  upper  part. 


I 


wu,  in  a  marreUoiulf  short  borizootal  distatMX,  after 
{reipiral.  allcrnatioDs,  replaced  by  iu  When  this 
oocuttmI,  a  imnintani-fiian,  several  thoomod  feet  in 
thJckn«*K  was  thiu  composed;  the  black  calcareous 
■hale-rock,  however,  always  included  some  layers  of  the 
l»]e-ycll<rviih  riliceoua  sandstone,  of  the  red  congiome- 
rate,  and  of  the  greenish  ja^pery  and  peeudo-honestone 
vanutieti.  It  likewi§e  included  three  or  four  widely 
separated  layers  of  a  brown  limestone,  abounding  with 
sbflls  immedtately  to  be  described.  This  pile  of  strata 
wan  in  parts  traversed  by  many  veins  of  gypsiim.  The 
caJcnroous  shale-rock,  though  when  freshly  broken  quite 
black,  weathers  into  an  ash-colour ;  in  which  respect 
ami  in  general  apjiearance,  it  perfectly  resembles  those 
great  fossillferous  beds  of  the  Peuquenes  range,  alterna- 
ting with  gypsum  and  red  sandfitone,  described  in  the 
last  chapter. 

The  shells  out  of  the  layers  of  brown  limestone,  in- 
cluded in  the  black  calcareous  ahale-rock,  which  latter, 
as  just  stated,  replaces  the  white  siliceous  sandstone, 
consist  of — 

Pecten  Dufreynoyi,  d'Orbig. '  Voyage,  Part.  Pal.' 
Turritella  Andii,  do. 

I{«UtioDB  given  ia  Uie  list  from  Coqulmbo. 

Astarte  Darwinii,  E.  Forbes,  PI.  V.  figs.  22, 23. 
Gryp]ia?a  Darwinii,  do.  PI.  V.  fig.  7. 
j\ii  intprmciiinto  fonn  between  G.  gigantcu  and  G.  incum). 

Crrypha^a,  nov.  spec.  ?  do.  PI.  V.  figs,  8  and  9. 
Tcma  Americana,  do.  PI.  V.  figs.  4,  5, 6. 
Aviciila,  nov.  spec. 

Coiiaiilcrcil  by  Mr.  G.  B.  Sowcrb;^  "■  iho  A.  echinntB,  by  M.  d'OrtHffnr 
itiiinly  n  now  iinil  distinct  species,  having  it  Jurassic  aBpcct,  Th» 
bns  boon  unfortunately  lost. 
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Terebratulaaenigma,  d'Orbig.  (var.  of  do.  E.  Forbes, 
PL  V.  figs.  13, 14). 

This  is  the  same  variety,  with  that  from  Guasco,  considered  by  M. 
d'Orbigny  to  be  a  distinct  species  from  his  T.  senigma,  and  related  to 
T.  obsoleta. 

Plagiostoma  and  Ammonites,  fragments  of. 

The  lower  layers  of  the  limestone  contained  thou- 
sands of  the  Gryphsea ;  and  the  upper  ones  as  many 
of  the  Turritella,  with  the  Grryphsea  (nov.  spec.)  and 
SerpulsB  adhering  to  them  ;  in  all  the  layers,  the  Tere- 
bratula  and  fragments  of  the  Pecten  were  included. 
It  was  evident,  from  the  manner  in  which  the  species 
were  grouped  together,  that  they  had  lived  where  now 
embedded.  Before  making  any  further  remarks,  I  may 
state,  that  higher  up  this  same  valley  we  shall  again 
meet  with  a  similar  association  of  shells ;  and  in  the 
great  Despoblado  Valley,  which  branches  oflF  near  the 
town  from  that  of  Copiapo,  the  Pecten  Dufreynoyi, 
some  Gryphites  (I  believe  G.  Darwinii),  and  the  true 
Terebratula  aenigma  of  d'Orbigny  were  found  together 
in  an  equivalent  formation  as  will  be  hereafter  seen. 
A  specimen  also,  I  may  add,  of  the  true  T.  s&nigma, 
was  given  me  from  the  neighbourliood  of  the  famous 
silver  mines  of  Chanimcillo,  a  little  south  of  the  valley 
of  Copiapo,  and  these  mines,  from  their  position,  I  have 
no  doubt,  lie  within  the  great  gypseous  formation  :  the 
rocks  close  to  one  of  the  silver  veins,  judging  from 
fragments  shown  me,  resemble  those  singular  meta- 
moiphosed  deposits  from  the  mining  district  of  Arqueros 
near  Coquimbo. 

I  will  reiterate  the  evidence  on  the  association  of 
these  several  sliells  in  the  several  localities. 
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Valley  of  Copiapo. 


OsiTfa  bomifphorioi 
TerabntnlB  wnigma 
Spiiifer  lingitlfarcniles 

HippDTiUa  Chilemriii 
OiTpluea  orienulia 
Tnebntola  aaagart 

igiuuiiuu 

Fect«n  DnfrejiioTi 


Ootpumbo, 


b«mc  block   ^ 

of  Imwstooe.      1  CoUected  \ij  M. 
I      traai  the  mmi 
Rpparsntljr  me 


Qwueo. 


Doinnby 


Pectin  Dofreynoyi  j 

Turritella  .Andii  In  n  eollMtion  from  the  CardClera,  giTen 

Terebralnlii  ignaciana       |"     mo  :  tho  specimens  all  in  the  same  caa- 
—  tenigmo,  tot.  1      ditioii. 


Spinfer  CbilenaiB. 


Copiapo. 


P»cten  Dafrejuoyi 

Torritella  Andii 
Terebratula  lenii^s,  t>iir.  an  at 
ABlarteLnrwinii^ 
OrjphEea  Dnnrinii 

—  ■■  HOT.  epec.  7 

Pernn  Americana 
Avicalu,  DDV.  epoc 

TerebiaCnla  asaigma  (true) 

Tetcbratulii  lenigma  (true) 
'SfcKva  DufrpjQiiyi 
Grjphiea  DarwiDii? 


MiDglcd  MgrtheF  in  olt^mat' 
JDgbeds  in  the  main  val- 
lej  of  Copiapo  near  iMt 
Amolanns,  nod  likewtM 
higher  np  the  valley. 


f  Main    valley  of   Copiapo,  apparently 
I     same  (brmatton  with  that  of  AmolonaB. 

Iln  the  snmR  bod.  high  up  the  great 
lateral  vnlUy  of  the  Despoblado,  in 
the  ruTino  of  Mnricongo. 


Considering  tbia  table,  I  tliink  it  is  impossible  to 
doubt  tliat  all  these  fossils  belong  to  the  same  format  ion. 
If,  however,  the  species  from  Las  Ainolanaa,  in  the 
Valley  of  Copiapo,  had,  as  in  the  case  of  those  from 
Giiasco,  been  separately  examined,  they  would  probably 
have  been  ranked  as  oolitic ;  for,  although  oo  Spirifers 
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were  found  here,  all  the  other  species,  with  the  excep- 
tion of  the  Fecten,  Turritella,  and  Astarte,  have  a  more 
ancient  aspect  than  cretaceous  forms.  On  the  other 
hand,  taking  into  account  the  evidence  derived  from 
the  cretaceous  character  of.  these  three  shells,  and  of 
the  Hippurites,  Gryphsea  orientalis,  and  Ostrea,  from 
Coquimbo^  we  are  driven  back  to  the  provisional  name 
already  used  of  cretaceo-oolitic.  From  geological 
evidence,  I  believe  this  formation  to  be  the  equiva- 
lent of  the  Neocomian  beds  of  the  Cordillera  of  Central 
Chile. 

To  return  to  our  section  near  Las  Amolanas : — 
Above  the  yellow  siliceous  sandstone,  or  the  equivalent 
calcareous  slate-rock,  with  its  bands  of  fossil-shells, 
according  as  the  one  or  the  other  prevails,  there  is 
a  pile  of  strata,  which  cannot  be  less  than  from  2,000 
to  3,000  feet  in  thickness,  in  main  part  composed  of 
a  coarse,  bright,  red  conglomerate,  with  mapy  inter- 
calated beds  of  red  sandstone,  and  some  of  green  and 
other  coloured  porcelain-jaspery  layers.  The  included 
pebbles  are  well  rounded,'  varying  from  the  size  of  an 
egg  to  that  of  a  cricket-ball,  with  a  few  larger ;  and 
they  consist  chiefly  of  porphyries.  The  basis  of  the 
conglomerate,  as  well  as  some  of  the  alternating  thin 
beds,  are  formed  of  a  red,  rather  harsh,  easily  fusible 
sandstone,  with  crystalline  calcareous  particles.  This 
whole  great  pile  is  remarkable  from  the  thousands  of 
huge,  embedded,  silicified  trunks  of  trees,  one  of  which 
was  eight  feet  long,  and  another  eighteen  feet  in  cir- 
cumference :  how  marvellous  it  is,  that  every  vessel  in 
so  thick  a  mass  of  wood  should  have  been  converted 
into  silex !  I  brought  home  many  specimens,  and  all  of 
them,  according  to  Mr.  E.  Brown,  present  a  coniferous 
structure. 

Above  this  great  conglomerate,  we  have  from  200  to 
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300  feet  id  thickness  of  red  sandstone  ;  and  above  thio, 
a  stratum  of  black  calcareous  Blate-rock,  like  that 
which  alternates  with  and  replaces  the  underlying 
yellowiali  white,  eiliceous  sandstone.  Close  to  the 
junction  between  this  upper  black  slate-rock  and  the 
upper  red  sandstone,  I  found  the  Orypkcca  Darwinii, 
the  TurrUella  AnilU,  and  vast  numbers  of  a  bivalve, 
too  imperfect  to  be  recognised.  Hence  we  see  that,  as 
far  as  the  evidence  of  these  two  shells  serves — and  the 
Turritella  is  an  eminentlj  characteristic  species— the 
whole  thickness  of  this  vast  pile  of  strata  belongs  to 
the  same  age.  Again,  above  the  last-mentioned  upper 
red  sandstone,  there  were  several  alternations  of  the 
black,  calcareous  slate-rock  ;  but  I  was  unable  to  ascend 
to  them.  All  these  uppermost  strata,  like  the  lower  ones, 
vary  extremely  in  character  in  short  horizontal  distances. 
The  gypseous  formation,  as  here  seen,  has  a  coarser, 
more  mechanical  texture,  and  contains  much  more 
siliceous  matter  than  the  corresponding  beds  lower 
down  the  valley.  Its  total  thickness,  together  with  the 
upper  beds  of  the  porphyritic  conglomerate,  I  estimated 
at  least  at  8,000  feet ;  and  only  a  smalt  portion  of  the 
porphyritic  conglomerate,  which  on  the  eastern  flank  of 
the  fourth  axis  of  elevation  appeared  to  be  from  1,500 
to  2,000  feet  thick,  is  here  included.  As  corroborative 
of  the  great  thickness  of  the  gypseous  formation,  I 
may  mention  that  in  the  Despoblado  Valley  (which 
branches  from  the  main  valley  a  little  above  the  town 
of  Gopiapo)  I  found  a  corresponding  pile  of  red  and 
white  sandstones,  and  of  dark,  calcareous,  semi-jaspery 
mudstones,  rising  from  a  nearly  level  surface  and 
thrown  into  an  absolutely  vertical  position ;  so  that,  by 
pacing,  I  ascertained  tbeir  thickness  to  be  nearly  2,700 
feot ;  taking  this  as  a  standard  of  comparison,  I  esti- 
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mated  the  thickness  of  the  strata  ohove  the  porphyritic 
conglomerate  at  7,000  feet. 

The  fossils  before  enumerated,  from  the  limestone- 
layers  in  the  whitish  siliceous  sandstone,  are  now 
covered,  on  the  least  computation,  by  strata  from  5,000 
to  6,000  feet  in  thickness.  Professor  E.  Forbes  thinks 
that  these  shells  probably  lived  at  a  depth  of  from  about 
thirty  to  forty  fathoms,  that  is  from  180  to  240  feet ; 
anyhow,  it  is  impossible  that  they  could  have  lived  at 
the  depth  of  from  5,000  to  6,000  feet.  Hence  in  this 
case,  as  in  that  of  the  Puente  del  Inca,  we  may  safely 
conclude  that  the  bottom  of  the  sea  on  which  the  shells 
lived,  subsided,  so  as  to  receive  the  superincumbent 
submarine  strata  :  and  this  subsidence  must  have  taken 
place  during  the  existence  of  these  shells ;  for,  as  I 
have  shown,  some  of  them  occur  high  up  as  well  as  low 
down  in  the  series.  That  the  bottom  of  the  sea  sub- 
sided, is  in  harmony  with  the  presence  of  the  layers  of 
coarse  well-rounded  pebbles  included  throughout  this 
whole  pile  of  strata,  as  well  as  of  the  great  upper  mass 
of  conglomerate  from  2,000  to  3,000  feet  thick ;  for 
coarse  gravel  could  hardly  have  been  formed  or  spread 
out  at  the  profound  depths  indicated  by  the  thickness 
of  the  strata.  The  subsidence,  also,  must  have  been 
slow  to  have  allowed  of  this  often-recurrent  spreading 
out  of  the  pebbles.  Moreover,  we  shall  presently  see 
that  the  surfaces  of  some  of  the  streams  of  porphyritic 
lava  beneath  the  gypseous  formation,  are  so  highly 
amygdaloidal  that  it  is  scarcely  possible  to  believe  that 
they  flowed  under  the  vast  pressure  of  a  deep  ocean. 
The  conclusion  of  a  great  subsidence  during  the  exist- 
ence of  these  cretaceo-oolitic  fossils,  may,  I  believe, 
be  extended  to  the  district  of  Coquimbo,  although 
owing  to  the  fossiliferous  beds  there  not  being  directly 
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covered  by  the  upper  gypseous  strata,  which  in  tJltf 
section  north  of  the  \-alley  are  about  6,000  feet  in  tbioICB 
neae,  I  did  not  there  insist  on  this  conclusioD. 

The  pebbles  in  the  above  conglomerates,  both  i 
the  upper  and  lower  beds,  are  all  well  rounded,  and} 
though  chiefly  composed  of  various  porphyries,  thers  i 
are  some  of  red  sandstone  and  of  a  jaspery  stone,  both 
like  the  rocks  intercalated  in  layers  in  this  sama 
gypseous  formation  ;  there  was  one  pebble  of  mica-elate 
and  some  of  quartz,  together  with  many  particles  of 
quartz.  In  the^e  respects  there  is  a  wide  differenoe 
between  the  gypseous  conglomerates  and  those  of  t 
porphyritic-conglomerate  formation,  in  which  lattei!^ 
anguli!.!'  and  rounded  fragments,  almost  t-Jtclusively 
composed  of  porphyries,  are  mingled  together,  and 
which,  as  already  often  remarked,  probably  were  ejected 
from  craters  deep  under  the  sea.  From  these  facta  I 
conclude,  that  during  the  formation  of  the  conglome- 
rates, land  existed  in  the  neighbourhood,  on  the  shores 
of  which  the  innumerable  pebbles  were  rounded  and 
thence  dispersed,  and  on  which  the  coniferous  foreste 
flourished — for  it  is  improbable  that  so  many  thousand 
logs  of  wood  should  have  been  drifted  from  any  great 
distance.  This  knd,  probably  islands,  must  have  been 
mainly  formed  of  porphyries,  with  some  mica-slate, 
whence  the  quartz  was  derived,  and  with  some  red  sand- 
stone and  jaspery  rocks.  This  latter  fact  is  important, 
as  it  shows  that  in  this  district,  even  previously  to  the 
deposition  of  the  lower  gypseous  or  cretaceo-oolitic  beds, 
strata  of  an  analogous  nature  had  elsewhere,  no  doubt 
in  the  more  central  ranges  of  the  Cordillera,  been 
elevated  ;  thus  recalling  to  our  minds  the  relations  of 
the  Cumbre  and  Uspallata  chains.  Having  already 
referred  to  the  great  lateral  valley  of  the  Despoblado, 
I  many  mention  that  above  the  2,700  feut  of  red  and 
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white  sandstone  and  dark  mudstone,  there  is  a  vast 
mass  of  coarse,  hard,  red  conglomerate,  some  thousand 
feet  in  thickness,  which  contains  much  silicified  wood, 
and  evidently  corresponds  with  the  great  upper  con- 
glomerate at  Las  Amolanas :  here,  however,  the  con- 
glomerate consists  almost  exclusively  of  pebbles  of 
gpranite,  and  of  disintegrated  crystals  jof  reddish  feldspar 
and  quartz  firmly  recemented  together.  In  this  case, 
we  may  conclude  that  the  land  whence  the  pebbles  were 
derived,  and  on  which  the  now  silicified  trees  once 
flourished,  was  formed  of  granite. 

The  mountains  near  Las  Amolanas,  composed  of 
the  cretaceo-oolitic  strata,  are  interlaced  with  dikes  like 
a  spider's  web,  to  an  extent  which  I  have  never  seen 
equalled,  except  in  the  denuded  interior  of  a  volcanic 
crater:  north  and  south  lines,  however,  predominate. 
These  dikes  are  composed  of  green,  white,  and  blackish 
rocks,  all  porphyritic  with  feldspar,  and  often  with 
large  crystals  of  hornblende.  The  white  varieties 
approach  closely  in  character  to  andesite,  which  com- 
poses, as  we  have  seen,  the  injected  axes  of  so  many  of 
the  lines  of  elevation.  Some  of  the  green  varieties 
are  finely  laminated,  parallel  to  the  walls  of  the  dikes. 

Sixth  Axh  of  Elevation  {Valley  of  Copiapo). — 
This  axis  consists  of  a  broad  mountainous  mass  [0]  of 
andesite,  composed  of  albite,  brown  mica,  and  chlorite, 
passing  into  andesitic  granite,  with  quartz :  on  its 
western  side  it  has  thrown  off,  at  a  considerable  angle, 
a  thick  mass  of  stratified  porphyries,  including  much 
epidote  [N  N],  and  remarkable  only  from  being  divided 
into  very  thin  beds,  as  highly  amygdaloidal  on  their 
surfaces  as  sub-aerial  lava-streams  are  often  vesicular. 
This  porphyritic  formation  is  conformably  covered,  as 
seen  some  way  up  the  ravine  of  Jolquera,  by  a  mere 
remnant  of  the  lower  part  of  the  cretaceo-oolitic  for- 


mation  [M  M],  which  in  one  part  encasea,  as  repi 
seuted  in  the  coloured  section,  the  foot  of  the  andesItU; 
axis  [L],  of  the  already  deacrihed  fifth  line,  and  ; 
another  part  entirely  conceals  it :  in  this  latter  cat 
the  gypseous  or  cretaceo-oolitic  strata  falsely  appeared 
to  dip  under  the  porphyritic  conglomerate  of  the  fifflu 
aiis.  The  lowest  bed  of  the  gypseous  formation,  i 
seen  here  [M],  is  of  yellowish  siliceous  sandsione,  pr»- 
eisely  like  that  of  Amolanas,  interlaced  in  part^  witbt 
veins  of  gypsum,  and  includicg  layers  of  the  blad^ 
calcareous,  non-fissile  slate-rock :  the  Turritelia  AttdMi 
Peden  Dufreyiwyi,  Terebraliila  ccnigjiui,  var.  and 
some  Gryphites  were  embedded  in  these  layers.  The- 
sandstone  \aries  in  thickness  from  only  twenty  to  eighty 
feet ;  and  this  variation  is  caused  hy  the  inequalities  in 
the  upper  surface  of  an  underlying  stream  of  purple 
clayatone  porphyry.  Hence  the  above  fossils  here  He 
at  the  very  base  of  the  gypseous  or  cretaceo-oolitic 
formation,  and  hence  tbey  were  probably  once  covered 
up  hy  strata  about  7,000  feet  in  thickness :  it  is,  how- 
ever, possible,  though  from  the  nature  of  all  the  other 
sections  in  this  district  not  probable,  that  the  porphy- 
ritic clay-stone  lava  may  in  this  case  have  invaded  a 
higher  level  in  the  aeries.  Above  the  sandstone  there 
is  a  considerable  mass  of  much  indurated,  purplish- 
black,  calcareous  clay-stone,  allied  in  nature  to  the 
often-mentioned  black  calcareous  slate-rock. 

Eastward  of  the  broad  andesitic  axis  of  this  sixth 
line,  and  penetrated  by  many  dikes  from  it,  there  is 
a  great  formation  [P]  of  mica-schist,  with  its  usual 
variations,  and  passing  in  one  part  into  a  ferruginous 
quartz-rock.  The  folio  are  curved  and  highly  inclined, 
generally  dipping  eastward.  It  is  probable  that  this 
mica-schist  is  an  old  foi-mation,  connected  with  the 
granitic  rocka  and  meXaiQ.o'E^vtt  ^dtA^^a  ^«m  the  coast ; 
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and  that  the  one  fragment  of  mica-slate,  and  the  pebbles 
of  quartz  low  down  in  the  gypseous  formation  at  Las 
Amolanas,  have  been  derived  from  it.  The  mica-schist 
is  succeeded  by  stratified  porphyritic  conglomerate  [Q] 
of  great  thickness,  dipping  eastward  with  a  high  in- 
clination :  I  have  included  this  latter  mountain-mass 
in  the  same  anticlinal  axis  with  the  porphyritic  streams 
[N  N] ;  but  I  am  far  from  sure  that  the  two  masses 
may  not  have  been  independently  upheaved. 

SeverUh  Axis  of  Elevation. — Proceeding  up  the 
ravine,  we  come  to  another  mass  [B]  of  andesite  ;  and 
beyond  this,  we  again  have  a  very  thick,  stratified  por- 
phyritic formation  [S],  dipping  at  a  small  angle  east- 
ward, and  forming  the  basal  part  of  the  main  Cordillera. 
I  did  not  ascend  the  ravine  any  higher;  but  here, 
near  Castano,  I  examined  several  sections,  of  which  I 
will  not  give  the  details,  only  observing,  that  the  por- 
phyritic beds,  or  submarine  lavas,  preponderate  greatly 
in  bulk  over  the  alternating  sedimentary  layers,  which 
have  been  but  little  metamorphosed :  these  latter  con- 
sist of  fine-grained  red  tuSs  and  of  whitish  volcanic 
grit-stones,  togetlier  with  much  of  a  singular,  compact 
rock,  having  an  almost  crystalline  basis,  finely  brec- 
ciated  with  red  and  green  fragments,  and  occasionally 
including  a  few  large  pebbles.  The  porphyritic  lavas 
are  highly  amygdaloidal,  both  on  their  upper  and 
lower  surfaces ;  they  consist  chiefly  of  clay-stone  por- 
phyry, but  with  oue  common  variety,  like  some  of  the 
streams  at  the  Puente  del  Inca,  having  a  gray  mottled 
basis,  abounding  with  crystals  of  red  hydrous  oxide  of 
iron,  green  ones  apparently  of  epidote,  and  a  few  glassy 
ones  of  feldspar.  This  pile  of  strata  differs  consider- 
ably from  the  basal  strata  of  the  Cordillera  in  Central 
Chile,  and  may  possibly  belong  to  the  upper  and 
gypseous  series:  I  saw,   however,  in.  t\ie  \ie^  c^fl  >0^^ 
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valley,  one  fragment  of  porphyritic  breccia-conglome- 
rati.%  exactly  like  those  great  masses  met  with  in  the 
more  wutheni  parts  of  Chile. 

Finally,  I  miist  obsevve,  that  though  T  have  de»- 
crilied  between  the  town  of  Copiapo  and  the  western 
flank  of  the  main  Cordillera  seven  or  eight  axes  of 
elevation,  extending  nearly  north  and  south,  it  must 
not  be  supposed  that  they  nil  run  continuously  for 
gr«il  distances.  As  was  stated  to  be  the  case  in  our 
sections  across  the  Cordillera  of  Central  Chile,  so  here 
moKt  of  the  lines  of  elevation,  with  the  exception  of 
the  first,  third,  and  fifth,  are  very  short.  The  stratifi- 
cation is  everywhere  disturlied  nud  intricate ;  nowhere 
imve  I  seen  more  numerous  faults  and  dikes.  The 
whole  district,  from  the  sea  to  the  Cordillera,  is  more 
or  less  metalliferous ;  and  I  heard  of  gold,  silver, 
copper,  lead,  mercury,  and  iron  veins.  The  metamor- 
phic  action,  even  in  the  lower  strata,  has  certainly 
been  far  less  here  than  in  Central  Chile. 

Valley  of  ike  Bettpoblado. — This  great  barren  valley, 
which  has  already  been  alluded  to,  enters  the  main 
valley  of  Copiapo  a  little  above  the  town  :  it  nms  at 
first  northerly,  then  NE.,  and  more  easterly  into  the 
Cordillera  ;  I  followed  its  dreary  course  to  the  foot  of 
the  first  main  ridge.  I  will  not  give  a  detailed  section, 
because  it  woidd  be  essentially  similar  to  that  already 
given,  and  because  the  stratification  is  exceedingly 
complicated.  After  leaving  the  phitonic  hills  near  the 
town,  I  met  first,  as  in  the  main  valley,  with  the  gypseous 
formation,  having  the  same  diversified  character  as  be- 
fore, and  soon  afterwards  with  masses  of  porphyritic 
conglomerate,  about  1,000  feet  in  thickness.  In  the 
lower  part  of  this  formation  there  were  very  thick  beds 
comjiosed  of  fragments  of  clay-stone  porphyries,  both 
angular  and   rounded,  with  the  smaller  ones  partially 
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blended  together  and  the  basis  rendered  porphyritie ; 
these  beds  separated  distinct  streams,  from  sixty  to 
eighty  feet  in  thickness,  of  clay-stone  lavas.  Near 
Paipote,  also,  there  was  much  true  porphyritie  breccia- 
conglomerate  :  nevertheless,  few  of  these  masses  were 
metamorphosed  to  the  same  degree  with  the  corre- 
sponding formation  in  Central  Chile.  I  did  not  meet  in 
this  valley  with  any  true  andesite,  but  only  with  im- 
perfect andesitic  porphyry,  including  large  crystals  of 
hornblende:  numeroas  as  have  been  the  varieties  of 
intrusive  porphyries  already  mentioned,  there  were  here 
mountains  composed  of  a  new  kind,  having  a  compact, 
smooth,  cream-coloured  basis,  including  only  a  few 
crystals  of  feldspar,  and  mottled  with  dendritic  spots  of 
oxide  of  iron.  There  were  also  some  mountains  of  a 
porphyry  with  a  bricJk-red  basis,  containing  irregular 
often  lens-shaped,  patches  of  compact  feldspar,  and 
crystals  of  feldspar,  which  latter  to  my  surprise  I  find 
to  be  orthite. 

At  the  foot  of  the  first  ridge  of  the  main  Cordillera, 
in  the  ravine  of  Maricongo,  and  at  an  elevation  which, 
from  the  extreme  coldness  and  appearance  of  the  vege- 
tation,! estimated  at  about  10,000  feet,  I  found  beds  of 
white  sandstone  and  of  limestone  including  the  Pecten 
Dufreynoyi,  Terehratula  cenignia^  and  some  Gryphites. 
This  ridge  throws  the  water  on  the  one  hand  into  the 
Pacific,  and  on  the  other,  as  I  was  informed,  into  a 
great  gravel-covered,  basin-like  plain,  including  a  salt- 
lake,  and  without  any  drainage-exit.  In  crossing  the 
Cordillera  by  this  Pass,  it  is  said  that  three  principal 
ridges  must  be  traversed,  instead  of  two,  or  only  one  as 
in  Central  Chile. 

The  crest  of  this  first  main  ridge  and  the  surround- 
ing mountains,  with  the  exception  of  a  few  lofty 
pinnacles,  are  capped  by  a  great  thickness  of  a  hori- 


xoDtally  stratitied,  tufaceoos  deposit.  The  lowext  bd) 
M  of  a  pale  purple  colour,  hard,  Gne-grained,  and  fall 
of  broken  crystals  of  feldspar  and  scales  of  mica.  The 
middle  bed  is  coarser,  and  less  hard,  and  hence  weathers 
into  very  sharp  pinnacles ;  it  includes  very  small  frag- 
ments of  granite,  and  innumerable  ones  of  all  sizes  of 
gray  vesicular  trachyte,  some  of  which  were  distinctly 
rounded.  The  uppermost  bed  is  about  200  feet  in 
thickness,  of  a  darker  colour  and  apparently  bard :  but 
I  bad  not  time  to  ascend  to  it.  These  three  horizontal 
beds  may  be  seen  for  the  distance  of  many  leagues, 
especially  westward  or  in  tbe  direction  of  the  Pacific, 
capping  the  summits  of  the  mountains,  and  standing  on 
the  opposilf;  aides  nf  the  immense  v.illcys  at  exactly 
corresponding  heights.  If  united  they  would  form  a 
plain,  inclined  very  slightly  towards  the  Pacific ;  the 
beds  become  thinner  in  this  direction,  and  the  tuff 
{judging  from  one  point  to  which  I  ascended,  some 
way  down  the  valley)  finer-grained  and  of  less  specific 
gravity,  though  still  compact  and  sonorous  under  the 
hammer.  The  gently  inclined,  almost  horizontal 
stratification,  the  presence  of  some  rounded  pebblee, 
and  the  compactness  of  the  lowest  bed,  though  render- 
ing it  probable,  would  not  have  convinced  me  that  this 
mass  had  been  of  subaqueous  origin,  for  it  is  known 
that  volcanic  ashes  falling  on  land  and  moistened  by 
rain  often  become  hard  and  stratified;  but  beds  thus 
originating,  and  owing  their  consolidation  to  atmo- 
spheric moisture,  would  have  covered  almost  equally 
every  neighbouring  summit,  high  and  low,  and  would 
not  have  left  those  above  a  certain  exact  level  abso- 
lutely bare ;  this  circumstance  seems  to  me  to  prove 
that  the  volcanic  ejections  were  arrested  at  their  pre- 
sent, widely  extended,  equable  level,  and  there  con- 
solidated by  some  other  means  than  simple  atmospheric 
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maistiire ;  and  this  no  doubfc  must  have  been  a  sheet  of 
water.  A  lake  at  this  great  height,  and  without  a 
barrier  on  any  one  side,  is  out  of  the  question ;  conse- 
quently we  must  conclude  that  the  tufaceous  matter 
was  anciently  deposited  beneath  the  sea.  It  was  cer- 
tainly deposited  before  the  excavation  of  the  valleys,  or 
at  least  before  their  final  enlargement ;  ^  and  I  may 
add,  that  Mr.  Lambert,  a  gentleman  well  acquainted 
with  this  country,  informs  me,  that  in  ascending  the 
ravine  of  Santandres  (which  branches  oflF  from  the  Des- 
poblado) he  met  with  streams  of  lava  and  much  erupted 
matter  capping  all  the  hills  of  granite  and  porphyry, 
with  the  exception  of  some  projecting  points ;  he  also 
remarked  that  the  valleys  had  been  *  excavated  subse- 
quently to  these  eruptions. 

This  volcanic  formation,  which  I  am  informed  by 
Mr.  Lambert  extends  far  northward,  is  of  interest,  as 
typifying  what  has  taken  place  on  a  grander  scale  on 
the  corresponding  western  side  of  the  Cordillera  of 
Peru.  Under  another  point  of  view,  however,  it  pos- 
sesses a  far  higher  interest,  as  confirming  that  conclu- 
.  sion  drawn  from  the  structure  of  the  fringes  of  stratified 
shingle  which  are  prolonged  from  the  plains  at  the  foot 
of  the  Cordillera  far  up  the  valleys, — namely,  that  this 
great  range  has  been  elevated  in  mass  to  a  height  of 
between  8,000  and  9,000  feet ;  ^  and  now,  judging  from 
this  tufaceous  deposit,  we  may  conclude  that  the  hori- 


'  I  have  endeavoured  to  show  iu  my  *  Journal,'  &c.  (2nd  edit.)  p. 
355,  that  this  arid  valley  was  left  by  the  retreating  sea,  as  the  land 
jslowly  rose,  in  the  state  in  which  we  now  see  it. 

^  I  may  here  mention  that  on  the  south  side  of  the  main  valley  of 
Copiapo,  near  Potroro  Seeo,  the  mountains  are  capped  by  a  thick  mass  of 
horizontally  stratified  shingle,  at  a  height  which  1  estimated  at  between 
1,.'jOO  and  2,000  feet  above  the  bed  of  the  valley.  This  shingle,  I 
believe,  forms  the  edge  of  a  wide  plan,  which  stretches  southwards 
between  two  mountain  ranges. 


soQtal  elevation  has  been  in  the  district  of  Copiapo 
about  10,000  feet. 

In  the  valley  of  the  Despoblado,  the  stiatificatioD, 
w  iieforfi  remarked,  has  been  much  distorbed,  and  ia 
some  poiots  to  a  greater  degree  than  I  have  any*'hcre 
el»e  seen.  I  will  give  two  cases  :  a  very  thick  mass  of 
thinly  stratified  red  sandatonc,  including  beda  of  con- 
glomerate, has  been  criuhed  together  (ae  represented 
in  the  woodcut)  into  a  yoke  or  um-fonned  trough,  so 
that  the  strata  on  both  sides  have  been  folded  inwards: 
on  the  right  hand  the  properly  underlying  porphyritic 
olayetone  conglomerate  is  seen  overlying  the  sandstone, 
but  it  Boon  becomes  vertical,  and  then  ia  inclined  to- 
wards the  trough,  so  that  the  beds  radiate  like  the 

No.  40. 


spokes  of  a  wheel  on  the  left  hdnd,  the  inverted  por- 
phyritic conglomerate  also  assumes  a  dip  towards  the 
trough,  not  gradually,  as  on  the  right  hand,  hut  by 
means  of  a  vertical  fault  and  synclinal  break  ,  and  a 
little  still  farthur  on  towards  the  left,  there  i--  i  second 
great  oblique  fault,  (_both  shown  bj  the  arrow-lines) 
with  the  strata  dipping  to  a  directly  opposite  point: 
these  mountains  are  intersected  by  infinitely  numerous 
dikei,  some  of  which  can  be  seen  to  use  from  hummocks 
of  giecnstone,  and  can  be  traced  for  thousands  of  feet. 
In  the  second  case,  two  low  ridges  trend  together  and 
unite  |at  the   head  of  a   little  wedge-shaped    valley  ; 


CHAP.  XT.  Iqutgtie,  Peru.  575 

throughout  the  right-hand  ridge,  the  strata  dip  at  45^ 
to  the  east :  in  the  left-hand  ridge,  we  have  the  very 
same  strata  and  at  first  with  exactly  the  same  dip ;  but 
in  following  this  ridge  up  the  valley,  the  strata  are 
seen  very  regularly  to  become  more  and  more  inclined 
until  they  stand  vertical,  they  then  gradually  £sdl  over, 
(the  basset  edges  forming  symmetrical  serpentine  lines 
along  the  crest)  till  at  the  very  head  of  the  valley  they 
are  reversed  at  an  angle  of  45^ :  so  that  at  this  point 
the  beds  have  been  turned  through  an  angle  of  135^  ; 
and  here  there  is  a  kind  of  anticlinal  axis,  with  the 
strata  on  both  sides  dipping  to  opposite  points  at  an 
angle  of  45'',  but  with  those  on  the  left  hand  upside- 
down* 

On  Hie  En'U'ptive  Sources  of  the  Porphyritic  Clay- 
stone  amd  Qreenatone  Lavas. — In  Central  Chile,  from 
the  extreme  metamorphic  action,  it  is  in  niost  parts 
difficult  to  distinguish  between  the  streams  of  pdrphyritic 
lava  and  the  porphyritic  breccia-conglomerate,  but 
here,  at  Copiapo,  they  are  generally  perfectly  distinct, 
and  in  the  Despoblado,  I  saw  for  the  first  time,  two 
great  strata  of  purple  claystone  porphyry,  after  having 
been  for  a  considerable  space  closely  united  together, 
one  above  the  other,  become  separated  by  a  mass  of 
fragmentary  matter,  and  then  both  thin  out; — the 
lower  one  more  rapidly  than  the  upper  and  greater 
stream.  Considering  the  number  and  thickness  of  the 
streams  of  porphyritic  lava,  and  the  great  thickness  of 
the  beds  of  breccia-conglomerate,  tliere  can  be  little 
doubt  that  the  sources  of  eruption  must  originally  have 
been  numerous :  nevertheless,  it  is  now  most  diflBcult 
even  to  conjecture  the  precise  point  of  any  one  of  the 
ancient  submarine  craters.  I  have  repeatedly  observed 
mountains  of  porphyries,  more  or  less  distinctly  strati- 
fied towards  their  summits  or  on  their  flanks,  without  a 
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trace  of  stratification  in  their  central  and  basal  parts : 
in  most  cases,  I  believe  tliis  is  aimply  due  either  to  the 
obliterating  effects  of  raetamorphic  action,  or  to  such 
parU  having  been  naainly  formed  of  intrusive  poi^ 
phyries,  or  to  both  causes  conjoined ;  in  some  ii]Et<inc«s, 
however,  it  appeared  to  me  very  probable  that  the 
great  central  unstratified  masses  of  porphyry  were  the 
now  pai-tially  denuded  nuclei  of  the  old  submarine 
volcanos,  and  that  the  stratified  parts  marked  the 
points  whence  the  streams  Bowed.  In  one  case-  alone, 
and  it  was  in  this  Valley  of  the  Despoblado,  I  was  able 
actually  to  trace  a  thick  stratum  of  purplish  porphyry, 
which  for  a  space  of  some  miles  conformably  overlay 
the  usual  alternating  beds  of  breccia-conglomerates  and 
clay  stone  lavas,  until  it  became  imited  with,  and 
blended  into,  a  mountJiinous  mass  of  various  unstrati- 
fied porphyries. 

The  difficulty  of  tracing  the  streams  of  porphyries 
to  their  ancient  and  doubtless  numerous  eruptive 
sources,  may  be  partly  explained  by  the  very  general 
distmbance  which  the  Cordillera  in  most  parts  has 
suffered ;  but  I  strongly  suspect  that  there  is  a  more 
specific  cause,  namely,  thai  the  origiTial  points  of 
eruption  tend  to  become  the  points  of  injection.  This 
in  itself  does  not  seem  improbable;  for  where  the  earth's 
crust  has  once  yielded,  it  would  be  liable  to  yield 
again,  though  the  liquefied  intrusive  matter  might  not 
be  any  lunger  enabled  to  reach  the  submarine  surface 
and  flow  as  lava.  I  have  been  led  to  this  conclusion, 
from  having  so  frequently  observed  that,  where  part  of 
an  unstnitified  mountain-mass  resembled  in  mineral- 
ogical  character  the  adjoining  streams  or  strata,  there 
were  several  other  kinds  of  intrusive  porphyries  and 
andcsitic  rocks  injected  into  the  same  point.  As  these 
intrusive  mountain-masses  form  most  of  the  axes-lines 
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in  the  Ccsdiflen,  whether  mtfeKiaJ,  imJcHiuJ^  or  syii* 
diiial,  and  as  the  main  TaUeja  haTe  genoalfy  been 
hollowed  out  along  these  lines,  the  intmsiTe  masses 
have  generally  suffered  mod  denudation.  H^oee  they 
aie  apt  to  stand  in  some  degree  isolated,  and  to  be 
situated  at  the  points  where  the  valleys  abruptly  bead, 
or  where  the  main  tributaries  enter.  On  this  view  of 
there  being  a  tendency  in  the  old  points  of  eruption  to 
become  the  points  of  subsequent  injection  and  dis- 
turbance, and  consequently  of  denndi^on,  it  ceases  to 
be  surpising  that  the  streams  of  lava  in  the  porphyritic 
claystone  oooj^joMfnite  fidrmation,  and  in  other  analo<- 
gous  cases,  A^mU  most  rarely  be  traceable  to  their 
actual  sources. 

Iquiqm,  Sk/uUufm  Penu — Differently  firom  what 
we  have  seen  tbrc^hout  Chile,  the  coast  h^e  is  formed 
not  by  the  granitk;  series,  but  by  an  escarpment  of  the 
porphyritic  con^f/mend/a  formation,  b^ween  2,000  and 
3,000  feet  in  height.'  I  had  time  only  for  a  veiy  short 
examination ;  the  chief  part  of  the  escarpment  appears 
to  be  composed  of  various  reddish  and  purple,  »nne*- 
times  laminated,  porp^^yries,  resembling  those  of  Chile; 
and  I  saw  some  of  the  porphjrritic  breccia-conglomerate : 
the  stratification  appeared  but  little  inclined.  The 
uppermost  part,  judging  from  the  rocks  near  the  famous 
silver  mine  of  Huantajaya,'  consists  of  laminated,  im- 
pure, argillaceous,  purplish-gray  limestone,  associateii^ 
I  believe,  with  some  purple  sandstone.  In  the  lime- 
stone shells  are  found  :  the  three  following  species  were 
given  me : — 

'  The  lowest  point,  vhere  the  road  crosses  the  coast-escarpment,  is 
1,900  feet  by  the  barometer  above  the  level  of  the  sea, 

•  Mr.  Bollaert  has  described  ('Geolog.  Proceedings,*  rol.  ii.  p. 
598)  a  singular  mass  of  stratified  detritus,  gravel,  and  sand,  eightj-ouo 
yards  in  thickness,  overlying  the  limestone,  and  abounding  with  loose 
masses  of  silver  ore.  The  miners  believe  that  they  can  attribute  these 
masses  to  their  proper  yeins. 

PP 
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Lucina  Americana,  E.  Forbea,  PI.  V.  fig.  24. 
Terebratula  inca,  do.         PL  V.  figs.  19,  20. 
aenigma,  D'Orbig.  PL  V.  figs.  10,  11, 12. 

Hiia  latter  apecieB  we  have  seen  associated  with  tha 
fossils  of  which  lists  have  been  given  in  thia  chapter^  in 
two  places  in  the  valley  of  Coquimbo,  aud  in  the  la^-ine 
of  Maricongo  at  Copiapo.  Considering  this  fact,  and 
the  superposition  of  these  beds  on  the  porphyritic  coo- 
glomerate  formation  ;  and,  as  we  shall  immediately  see, 
from  their  containing  much  gypsum,  and  from  their 
otherwise  close  general  resemblance  in  miDeralogical 
nature  with  the  strata  described  in  the  valley  of  Copiapo, 
I  have  little  doubt  that  these  fossiliferous  beds  of  Iquique 
bdoiijj  to  tlie great  cretafci>-ooli tic  formation nfXorthftrn 
Chile.  Iquique  is  situated  seven  degrees  latitude  north 
of  Copiapo  ;  and  I  may  here  mention,  tliat  an  AmmoD- 
ites,  nov.  spec.,  and  Astarte,  nov.  spec,  were  given  me 
from  the  Cerro  Pasco,  about  ten  degrees  of  latitude  north 
of  Iquique,  and  M.  d'Orbigny  thinks  that  they  probably 
indicate  a  N'eocomian  formation.  Again,  fifteen  degrees 
of  latitude  northward,  in  Colombia,  there  is  a  grand 
fossiliferous  deposit,  now  well  known  from  the  labours 
of  Von  Bucb,  Lea,  d'Orbigny,  and  Forbes,  which  be- 
longs to  the  earlier  stages  of  the  cretaceous  system. 
Hence,  bearing  in  mind  the  character  of  the  few  fossils 
from  Tierra  del  Fuego,  there  is  some  evidence  that  a 
great  portion  of  the  stratified  deposits  of  the  whole  \-ast 
range  of  the  South  American  Cordillera  belongs  to 
about  the  same  geological  epoch. 

Proceeding  from  the  coast  escarpment  inwards,  I 
crossed,  in  a  space  of  about  thirty  milet;,  an  elevated 
undulatoiy  district,  with  the  beds  dipping  in  various 
directions.  The  rocks  are  of  many  kinds, — white 
laminated,  sometimes  siliceous  sandstone, — purple  and 
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red  sandstx>ne,  sometimes  so  highly  calcareous  as  to 
have  a  crystalline  fracture, — argillaceous  limestone, — 
black  calcareous  slate-rock,  like  that  so  often  described 
at  Copiapo  and  other  places, — thinly  laminated,  fine- 
grained, greenish,  indurated,  sedimentary,  fusible  rocks, 
approaching  in  character  to  the  so-called  pseudo-hone- 
stone  of  Chile,  including  thin  contemporaneous  veins  of 
gypsum, — and  lastly,  much  calcareous,  laminated  por- 
celain jasper,  of  a  green  colour,  with  red  spots,  and  of 
extremely  easy  fusibility :  I  noticed  one  conformable 
stratum  of  a  freckled-brown,  feldspathic  lava.  I  may 
here  mention  that  I  heard  of  great  beds  of  gypsum  in 
the  Cordillera.  The  only  novel  point  in  this  formation,  is 
the  presence  of  innumerable  thin  layers  of  rock*salt, 
alternating  with  the  laminated  and  hard,  but  sometimes 
earthy,  yellowish,  or  bright  red  and  ferruginous  sand- 
stones. The  thickest  layer  of  salt  was  only  two  inches, 
and  it  thinned  out  at  both  ends.  On  one  of  these 
ealiferous  masses  I  noticed  a  stratum  about  twelve  feet 
thick,  of  dark-brown,  hard  brecciated,  easily  fusible 
rock,  containing  grains  of  quartz  and  of  black  oxide  of 
iron,  together  with  nimierous  imperfect  fragments  of 
shells.  The  problem  of  the  origin  of  salt  is  so  obscure, 
that  every  fact,  even  geographical  position,  is  worth 
recording.^      With   the   exception   of  these   saliferous 

*  It  is  weU  known  that  stratified  salt  is  found  in  several  places  on 
the  shores  of  Peru.  The  island  of  San  Lorenzo,  off  Lima,  is  composed 
of  a  pile  of  thin  strata,  about  800  feet  in  thickness,  composed  of  yellow* 
ish  and  purplish,  hard  siliceous,  or  earthy  sandstones,  alternating  with 
thin  layers  of  shale,  which  in  places  passes  into  a  greenish,  semi-porcel- 
lanic,  fusible  rock.  There  are  some  thin  beds  of  reddish  mudstonc,  and 
soft  ferruginous  rotten -stones,  with  layers  of  gypsum.  In  nearly  all 
these  varieties,  especially  in  the  softer  sandstones,  there  are  numerous 
thin  seams  of  rock-salt :  I  was  informed  that  one  layer  has  been  found 
two  inches  in  thickness.  The  manner  in  which  the  minutest  fissures  of 
the  dislocated  beds  have  been  penetrated  by  the  salt,  apparently  by  sub- 
sequent infiltration,  is  very  curious.  On  the  south  side  of  the  island, 
layers  of  coal  and  of  impure  limestone  have  been  discovered.  Hence 
we  hero  have  salt.,  gypsum,  and  cool  associated  together.     The  strata 
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beds,  most  of  the  rocks  as  already  remarked,  present 
a  Btriking  g;eneral  resemblance  with  the  upper  parts  of 
tlie  gypseous  or  cretaceo-ooUtic  formation  of  Chile. 


MetaUiferovA  Veins. 
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I  have  only  a  few  remarks  to  make  on  this  subject: 
in  nine  mining  districts,  some  of  them  of  considerable 
extent,  which  I  visited  in  Central  Chile,  I  found  the 
priihcipat  veins  running  from  between  [N.  and  NW.] 
to  [S.  and  SE.]  : '  in  some  other  places,  however,  their 
course  appeared  quite  irregular,  as  is  said  to  be  gene- 
rally the  case  in  the  whole  valley  of  Copiapo  :  at  Tam- 
hillns.  south  of  ('oqiiimho,  I  saw  one  large  copper  vein 
extending  east  and  west.  It  is  worthy  of  notice,  that 
the  foliation  of  the  gneiss  and  mica-slate,  and  tiie 
cleavage  of  the  altered  clay-slate,  where  such  rocks 
occur,  certainly  tend  to  nm  like  the  metalliferoiu 
veins,  though  often  irregularly,  in  a  direction  a  little 
westward  of  north.  At  Yaquil,  I  observed  that  the  prin> 
«ipal  auriferous  veins  ran  nearly  parallel  to  the  grain  or 
imperfect  cleavage  of  the  surrounding  granitic  rock^ 

include  veins  of  quaitz,  carbonftt«  of  lime,  and  iron  pTritM ;  thej  h«w 
heea  dislocated  bj  an  injected  mass  of  greenigh-broini  feldapatliie  tiu. 

Not  odI;  ia  Bait  iibuaduiit  on  the  extreme  ■wtKtara  limits  of  Un 
diitriet  between  the  Cordiltera  and  the  Pacific,  bnt,  nccordinft  to  Helmi; 
it  ia  found  in  the  outljing  low  bills  on  the  enatcrn  flank  of  the  Coidil- 
lera.  The»e  f«cts  appear  to  mo  opposed  to  the  theory,  tl»at  rock-aalt  it 
doe  to  the  einkiug  of  irut^r,  charged  with  salt,  in  meditemiDeaD  spMea 
of  the  ocean.  The  general  rhnract«r  of  the  geology  of  Iheee  coantria 
would  rather  lead  to  the  opiaton,  thut  its  origin  la  in  some  ws;  coa- 
□scted  willi  volcanic  hpat  at  the  bottom  of  the  eea  :  aes  on  this  subject. 
Sir  It.  Murchisan's  Anniversary  Address  to  Oeolog.  Soc.  1S43,  p.  6fi. 

■  These  mining  districts  are  Yaquil  near  Nanca^ua,  where  tfa* 
direction  of  the  chief  veins,  to  which  odIj  in  nil  cases  I  refer,  is  north 
ond  south  ;  in  the  Uiipallata  range,  the  prevailing  line  is  NtiW.  and 
'■'■'■  "o  llio  C.  da  Pnido,  it  in  NNW.  and  8SE. ;  near  Illape],  it  ia  N.  bj 
"  '  ■■  "  -  -t  Los  lIornoH,  the  direction  varies  from  between 
'  It  the  C.  da  loa  Homos  (farther  north- 

.  It  Panuncillo,  it  is  NHW.  and  SSE.: 
and,  lastly,  at  Arqaeios,  the  direction  ia  NW.  and  iJE. 


W.  nnd  H,  by  E. ;  i\t  Loa  llornoa, 
[N.  and  NW,T  to  [S.  and  SE.l ;  at  tt 
ward),   it  is   NNW.  and  SSE  ;  at  P 
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With  respect  to  the  distribution  of  the  different  metals, 
copper,  gold,  and  iron  are  generally  associated  together, 
and  are  most  frequently  foimd  (but  with  many  ex- 
ceptions, as  we  shall  presently  see)  in  the  rocks  of  the 
lower  series,  between  the  Cordillera  and  the  Pacific, 
namely,  in  granite,  syenite,  altered  feldspathic  clay- 
slate,  gneiss,  and  as  near  Giiasco  mica-schist.  The 
copper-ores  consist  of  sulphurets,  oxides,  and  carbon- 
ates, sometimes  with  laminae  of  native  metal :  I  was 
assured  that  in  some  cases  (as  at  Panuncillo  SE.  of  Co- 
quimbo,  the  upper  part  of  the  same  vein  contains  oxides, 
and  the  lower  part  sidphurets  of  copper.^  Gold  occurs 
in  its  native  form ;  it  is  believed  that,  in  many  cases, 
the  upper  part  of  the  vein  is  the  most  productive  part : 
this  &ct  probably  is  connected  with  the  abundance  of 
this  metal  in  the  stratified  detritus  of  Chile,  which 
must  have  been  chiefly  derived  from  the  degradation  of 
the  upper  portions  of  the  rocks.  These  superficial  beds 
of  well-rounded  gravel  and  sand,  containing  gold, 
appeared  to  me  to  have  been  formed  under  the  sea 
close  to  the  beach,  during  the  slow  elevation  of  the 
land:  Schmidtmeyer *  remarks  that  in  Chile  gold  is 
sought  for  in  shelving  banks  at  the  height  of  some  feet 
on  the  sides  of  the  streams,  and  not  in  their  beds,  as 
would  have  been  the  case  had  this  metal  been  deposited 
by  common  alluvial  action.  Very  frequently  the 
copper-ores,  including  some  gold,  are  associated  with 
abundant  micaceous  specular  iron.  Gold  is  often 
found  in  iron-pyrites :  at  two  gold  mines  at  Yaquil 
(near  Nancagua),  I  was  informed  by  the  proprietor 
that  in  one  the  gold  was  always  associated  with  copper- 
pyrites,  and  in  the   other  with   iron-pyrites :   in   this 

'  The  same  fact  has  been  ohserved  by  Mr.  Taylor  in  Cuba;  *  London 
Phil.  Journ.'  toI.  xi.  p.  21. 
»  '  Travels  in  Chile,'  p.  29. 
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latter  caBe,  it  U  said  that  if  tfae  vein  ceaws  to  cwntmin 
iroa*p7ritai,  It  in  yet  worth  while  to  cootinne  tfav 
■earch,  but  if  the  iron-pyrites,  when  it  reappears,  w  not 
aariferoufi,  it  i*.  l>rt.ter  at  once  to  give  up  working  the 
vein.  Although  I  believe  copper  and  gi>M  are  most 
frequently  found  in  the  lower  granitic  and  metamorpliip 
MhistOBe  oeriei!,  yet  these  metala  occur  both  in  the 
porj»hyritic  t-on glomerate  formation  (as  on  the  flanks  of 
the  Bell  of  Qiiillota  and  at  Jajuel),  and  in  the  superin- 
cumbent fltrata.  At  Jajuel  I  was  informed  that  tbo 
a>pp«r-ore,  with  some  gold,  is  found  only  in  the  green- 
Rtonefl  and  altered  tbidspatbic  clay-slate,  which  B]t«nist« 
with  thp  purple  porphyritic  conglomerate.  Several 
gold  vfiim  nnd  soinf  of  copper-ore  are  worked  in  several 
parts  of  the  llBpallata  range,  both  in  the  metamor- 
phoHed  strata,  which  have  been  shown  to  have  been  of 
probably  subsequent  origin  to  the  Neocomian  or  gyp- 
Beous  formation  of  the  main  Cordillera,  and  in  the 
intrusive  andesitic  rocks  of  that  range.  At  Los  Homos 
(NE,  of  llliipol),  likewise,  there  are  numeroos  veins  tA 
copper-pyrites  and  of  gold,  both  in  the  strata  of  the 
gypseous  formation  and  in  the  injected  hills  of  andedte 
and  various  porphyries. 

Silver,  in  the  form  of  a  chloride,  sidphuret,  or  &n 
amalgam,  or  in  its  native  state,  and  associated  with 
lead  and  other  metals,  and  at  Arqueros  with  pure 
native  copper,  occurs  chiefly  in  the  upper  great  gyp- 
seous or  cretaceo-oolitic  formation,  which  forma  pro- 
bably the  richest  mass  in  Chile.  We  may  instance 
the  mining  districts  of  Arqueros  near  Coquimbo, 
and  of  ne.irly  the  whole  valley  of  Copiapo,  and  of 
Iquiqne  (where  the  principal  veins  mn  NE.  by  E.  and 
SW.  by  \V.),  in  I'ern.  Hence  comes  Jlolina's  remark, 
that  filver  is  l)orn  in  the  cold  and  solitary  deserts  of 
the  upper  Coi-dillera.     There  are,  however,  exceptions 
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to  this  rule  :  at  Paral  (SE.  of  Coquimbo)  silver  is  fotmd 
in  the  porpbyritic  cooglomerste  fonnatioit ;  u  I  aospect 
is  likewise  t^e  case  at  S.  Pedro  de  Nolasko  in  the 
Peuqueiiea  Pass.  Rich  argentiferouB  lead  is  found  in 
the  clay-slate  of  the  Uspallata  mnge ;  and  I  saw  an  old 
Bilvei  mine  in  a  hill  of  syenite  at  the  foot  of  the  Bell  of 
Qoillota :  I  was  also  assured  that  silver  has  been  found 
in  the  andesitic  and  porpbyritic  region  between  the 
town  of  Copiapo  and  the  Pacific.  I  have  stated  in  a 
previous  part  of  this  chapter,  that  in  two  neighbouring 
mines  at  Arqueros  the  veins  in  one  were  productive 
-when  they  traversed  the  singular  green  sedimentary 
beds,  and  unproductive  when  crossing  the  reddiah  beds; 
whereas  at  the  other  mine  exactly  the  reverse  takes 
place ;  J  have  also  described  the  singular  and  rare  case 
of  numerous  particles  of  native  silver  and  of  the  chloride 
being  disseminated  in  the  green  rock  at  the  distance  of 
a  yard  from  the  vein.  Mercury  occurs  with  silver  both 
At  Arqueros  and  at  Copiapo  :  at  the  base  of  C.  de  los 
Homos  (SE.  of  Coquimbo,  a  different  place  from  Los 
Homos,  before  mentioned)  I  saw  in  a  syenitic  rock 
numerous  quartzose  veins,  containing  a  little  cinnabai- 
in  nests :  there  were  here  other  parallel  veins  of  copper 
^nd  of  a  ferrugino-auriferous  ore,  I  believe  tin  has 
never  been  found  in  Chile. 

From  information  given  me  by  Mr.  Nixon  of  Yaquil,' 
and  by  others,  it  appears  that  in  Chile  those  veins  are 
generally  most  permanently  productive,  which  consist- 
ing of  various  minerals  (sometimes  differing  but  slightly 
from  the  siirrounding  rocks),  include  parallel  strings 
ridi  in  metals ;  saih  a  vein  is  called  a  veto,  real.  More 
commonly  the  mines  are  worked  only  where  one,  two, 

I  At  l.ho  Durazno  roina,  llio  gold  is  sssociatod  with  coppcr-pyritcs, 
jind  tliB  veins  conttiin  large  priBuis  of  plambaga.  CrjBtallised  ourbonato  of 
lime  is  oae  of  the  commonest  minerals  in  the  matrix  of  the  Chiliiia  veins. 
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or  more  thin  veins  or  striiigg  nmniiig  in  a  diSerent 
direction,  intersect  a  poor  '  veta  real : '  it  is  imaniinouslv 
believed  that  at  such  pointa  of  intersection  (cttmwtos), 
the  quantity  of  metal  is  much  greater  than  that  con- 
tained in  other  partsof  the  intersecting  veins.  In  some 
cruceroa  or  points  of  intersection,  the  metaJa  extend 
even  beyond  the  walla  of  the  main,  broad,  stonj  vein. 
It  19  said  that  the  greater  the  angle  of  intersection,  the 
greater  the  produce ;  and  that  nearly  parallel  strings 
attract  each  other ;  in  the  Ufipallata  range,  I  observed 
that  numerous  thin  auri-ferruginous  veins  repeatedly 
ran  into  knots,  and  then  brauclied  out  again.  I  have 
already  described  the  remarkable  manner  in  which  rocks 
of  the  Uapallata  ranpe  are  indurated  and  blackened  (a? 
if  by  a  blast  of  gunpowder)  to  a  considerable  distance 
from  the  metallic  veins. 

Finally,  I  may  observe,  that  the  presence  of  metallic 
veins  seems  obviously  connected  with  the  presence  of 
intrusive  rocks,  and  with  the  degree  of  metamorphic 
action  which  the  different  districts  of  Chile  have 
undergone.'  Such  metamorphosed  areas  are  generally 
accompanied  by  numerous  dikes  and  injected  masses 
of  andesite  and  various  porphyries :  I  have  in  several 
places  traced  the  metalliferous  veins  from  the  in- 
trusive masses  into  the  encasing  strata.  Knowing 
that  the  porphyritic  conglomerate  formation  consists  of 
alternate  streams  of  submarine  lavas  and  of  the  debris 
of  anciently  erupted  rocks,  and  that  the  strata  of  the 
upper  gypseous  formation  sometimes  include  submarine 
lavas,  and  are  composed  of  tuffs,  mudstones,  and  mineral 
substances,  probably  due  to  volcanic  exhalations,— the 
richness  of  these  strata  is  highly  remarkable  when  com- 

'  Sir  R.  Murchigon  and  his  follow  travellers  hnve  giTen  aoms 
Btriking  facts  on  this  subject  in  their  nocoant  of  Ihe  Ural  Monntaio*. 
'Geolog.  Proc.'  vol.  iii.  p.  748. 
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pared  with  the  erupted  heds,  often  of  submarine  origin, 
hut  fwt  mi^a/morphoaeCL,  which  compose  the  numerooB 
islands  in  the  Pacific,  Indian,  and  Atlantic  Oceans ;  for 
in  these  islands  metals  are  entirely  absent,  and  their 
nature  even  unknown  to  the  aborigines. 

Su/iranary  on  ike  Qeotogiectl  Hiatory  of  the  CkiHwi 
CordiUera,  and  of  the  Southern  Parts  of  Souik 
America. 

We  have  seen  that  the  shores  of  the  Pacific,  for  a 
gpace  of  1,200  miles  from  Tres  Montes  to  Copiapo,  and 
I  believe  for  a  very  much  greater  distance,  are  com- 
posed, with  the  exception  of  the  tertiary  basins,  of  meta- 
morphic  schists,  plutonic  rocks,  and  more  or  less  altered 
clay-slaie.  On  the  floor  of  the  ocean  thus  constituted, 
vast  streams  of  various  purplish  clay-stone  and  green- 
stone porphyria  were  poured  forth,  together  with  great 
alternating  piles  of  angular  and  rounded  fragments  of 
similar  locks  ejected  from  the  submarine  craters.  From 
the  compactness  of  the  streams  and  iiragments,  it  is 
probable  that,  with  the  exception  of  some  districts  la 
Northern  Chile,  the  eruptions  took  place  in  profoundly 
deep  water.  The  orifices  of  eruption  appear  to  have 
been  studded  over  a  breadth,  with  some  outliers,  of 
from  50  to  100  miles :  and  closely  enough  together, 
both  north  and  south,  and  eastand  west,  for  the  ejected 
matter  to  form  a  continuous  mass,  which  in  Central 
Chile  is  more  than  a  mile  in  thickness.  I  traced  this 
mould-like  mass,  for  only  450  miles ;  but  judging  from 
what  I  saw  at  Iquique,  from  specimens,  and  from 
publislied  accounts,  it  appears  to  have  a  manifold 
greater  length.  In  the  basal  parts  of  the  series,  and 
especially  towards  the  flanks  of  the  range,  mud,  since 
converted  into  a  feldspathic  slaty  rock,  and  sometimes 


into  green-stone,  was  occaaionally  deposited  between 
the  beds  of  erupted  matter :  with  this  exeeption  the 
uniformity  of  the  porphyritic  rocks  is  very  remarkable. 

At  the  period  when  the  clay-etone  and  greeii-st«ne 
poi-phyries  nearly  or  quite  ceased  being  enipted,  that 
great  pile  of  strata  wtdch,  from  often  abounding  with 
gypaiim,  I  have  generally  called  the  Gypseous  formation 
was  deposited,  and  feldspathic  lavas,  together  with 
other  aingiilar  volcanic  rocks,  were  occasionally  poured 
forth :  I  am  far  from  pretending  that  any  distinct  line 
of  dcmarkation  can  be  drawn  between  this  formation 
and  the  underlying  poiphyries  and  porphyritic  con- 
glomerate, but  in  a  mass  of  such  great  thickness,  and 
between  beds  of  such  widely  different  mineralogicil 
nature,  some  division  was  necessary.  At  about  the 
commencement  of  the  gypseous  period,  the  bottom  of 
the  sea  here  seems  first  to  have  been  peopled  by  shells, 
not  many  in  kind,  but  abounding  in  individuals.  At 
the  P.  del  Inca  the  fossils  are  embedded  near  the  baae 
of  the  formation ;  in  the  Peuquenes  range,  at  different 
levels,  half-way  up,  and  even  higher  in  the  series ; 
hence,  in  these  sections,  the  whole  great  pile  of  strata 
belongs  to  the  same  period  :  the  same  remark  is  applic- 
able to  the  beds  at  Copiapo,  which  attain  a  thickness  of 
between  7,000  and  8,000  feet.  The  fossil  shells  in  the 
Cordillera  of  Central  Chile,  in  the  opinion  of  all  the 
palaeontologists  who  have  examined  them,  belong  to 
the  earlier  stages  of  the  cretaceous  system ;  whilst  in 
Northern  Chile  there  is  a  most  singular  mixture  of  cre- 
taceous and  oolitic  forms  ;  from  the  geological  relatione, 
however,  of  these  two  districts,  I  cannot  but  think  that 
they  all  belong  to  nearly  the  same  epoch,  which  I  have 
provisionally  called  cretaceo-ooHtic. 

The  strata  in  this  formation,  composed  of  black 
calcareous  shaly-rocks  of  red  and  white,  and  sometimes 
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siliceous  sandstones,  of  coarse  conglomerates,  lime- 
stones, tuffs,  dark  mud-stones,  and  those  singular  fine- 
grained rocks  which  I  have  called  pseudo-honestones, 
vast  beds  of  gypsum,  and  many  other  jaspery  and 
scarcely  describable  varieties,  vary  and  replace  each 
other  in  short  horizontal  distances,  to  an  extent,  I 
believe,  unequalled  even  in  any  tertiary  basin.  Most 
of  these  substances  are  easily  fusible,  and  have  appa- 
rently been  derived  either  from  volcanos  still  in  quiet 
action,  or  from  the  attrition  of  volcanic  products.  If 
we  picture  to  ourselves  the  bottom  of  the  sea,  rendered 
uneven  in  an  extreme  degree,  with  numerous  craters, 
some  few  occasionally  in  eruption,  but  the  greater 
number  in  the  state  of  solfataras,  discharging  calcareous, 
siliceous,  ferruginous  matters,  and  gypsum  or  sulphuric 
acid  to  an  amount  surpassing,  perhaps,  even  the  exist- 
ing sulphureous  volcanos  of  Java,^  we  shall  probably 
understand  the  circumstances  under  which  this  singular 
pile  of  varying  strata  was  accumulated.  The  shells 
appear  to  have  lived  at  the  quiescent  periods  when  only 
limestone  or  calcareo-argillaceous  matter  was  deposit- 
ing.. From  Dr.  Gillies's  account,  this  gypseous  or 
cretaceo-oolitic  formation  extends  as  far  south  as  the 
Pass  of  Planchon,  and  I  followed  it  northward  at  in- 
tervals for  500  miles :  judging  from  the  character  of  the 
beds  with  the  Terebrahda  ceiiijma^  at  Iquique,  it 
extends  from  400  to  500  miles  farther ;  and  perhaps 
even  for  ten  degrees  of  latitude  north  of  Iquique  to  the 
Cerro  Pasco,  not  far  from  Lima :  again,  we  know  that 
a  cretaceous  formation,  abounding  with  fossils,  is  largely 
developed  north  of  the  equator,  in  Columbia :  in  Tierra 
del  Fuego,  at  about  this  same  period,  a  wide  district  of 
clay-slate   was  deposited,  which  in    its  mineralogical 

*  Von  Buch's  '  Descript.  Physique  dcs  Hes  Canaries,'  p.  428. 
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characters  and  external  features,  might  be  compared  to 
the  Silurian  regionn  of  North  Wales.  The  gy[»eous 
formation,  like  that  of  the  porpbyritic  breccia-conglo- 
merate OD  which  its  rests,  is  of  incousiderable  breadth  ; 
though  of  greater  breadth  in  Northern  than  in  CeatraL 
ChUe. 

As  the  iosA\\  ahells  in  this  formation  are  covered,  in 
the  Peuquenes  ridge  by  a  great  thickness  of  str&ta,  at 
the  Puente  del  Inca  by  at  least  5,000  feet ;  at  Coquimbo, 
though  the  su[>erpoBition  there  is  less  plainly  seen,  by 
aboiit  6,000  feet ;  and  at  Copiapo  certainly  by  5,000 
or  6,000,  and  probably  by  7,000  feet  (the  same  species 
there  recurring  in  the  upper  and  lower  parts  of  the 
series)  we  may  feel  confident  that  the  bottom  of  the 
Bea  subsided  during  this  cretaceo-oolitic  period,  ho  as 
to  allow  of  the  accumulation  of  the  superincumbent 
submarine  strata.  This  conclusion  is  confirmed  by,  or 
perhaps  rather  explains,  the  presence  of  the  many  beda 
at  many  levels  of  coarse  conglomerate,  the  well-rounded 
pebbles  in  which  we  cannot  believe  were  transported  in 
very  deep  water.  Even  the  underlying  porphyries  at 
Copiapo,  with  their  highly  amygdaloidal  surfaces,  do 
not  appear  to  have  flowed  under  great  pressure.  The 
great  sinking  movement  thus  plainly  indicated,  must 
have  extended  in  a  north  and  south  line  for  at  least 
400  miles,  and  probably  was  co-extensive  with  the 
gypseous  formation. 

The  beds  of  conglomerate  just  referred  to,  and  the 
extraordinarily  numerous  silicified  trunks  of  fir-trees 
at  Los  Hornos,  perhaps  at  Coquimbo  and  at  two  dis- 
tant points  in  the  valley  of  Copiapo,  indicate  that  land 
existed  at  this  period  in  the  neighbourhood.  This  land, 
or  islands,  in  the  northern  part,  of  the  district  o£ 
Copiapo,  must  have  been  almost  e.ichisively  composed, 
judging  from  the  nature  of  the  pebbles  of  granite ;  in 
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the  southern  parts  of  Copiapo,  it  must  have  been 
mainly  formed  of  clay-Btone  porphyries,  with  some 
micarechist,  and  with  much  sand-8tone  and  jaapery 
Tocks  exactly  like  the  rocks  in  the  gypseous  formaticoi, 
and  no  douht  beloDgiog  to  its  basal  series.  In  several 
Dther  places  also,  during  the  accumulation  of  the 
gypseous  formation,  its  basal  parts  and  the  underlying 
porphyritic  conglomerate  must  likewise  have  been 
ali^y  partially  upheaved  and  exposed  to  wear  and 
-tear ;  near  the  Puente  del  Inca  and  at  Coquimbo,  there 
must  have  existed  masses  of  mica-schist  or  some  such 
Tock,  whence  were  derived  the  many  small  pebbles  of 
Dpaque  quartz.  It  follows  from  these  facts,  that  in 
some  parts  of  the  Cordillera  the  upper  beds  of  the 
gypseous  formation  must  lie  uuconformably  on  the 
lower  beds ;  and  the  whole  gypseous  formation,  in 
parts,  unconformably  on  the  porphyritic  conglomerate ; 
although  I  saw  no  such  cases,  yet  in  many  places  the 
gypseous  formation  is  entirely  absent ;  and  this,  although 
no  doubt  generally  caused  by  quite  subsequent  denuda- 
tion, may  in  others  be  due  to  the  imderlying  porphy- 
ritic conglomerate  having  been  locally  upheaved  before 
the  deposition  of  the  gypseous  strata,  and  thus  having 
become  tlie  source  of  the  pebbles  of  porphyry  embedded 
in  them.  In  the  porphyritic  conglomerate  formation, 
in  its  lower  and  middle  parts,  there  is  very  rarely  any 
evidence,  with  the  exception  of  the  small  quartz  pebbles 
at  Jajuel,  near  Aconcagua,  and  of  the  single  pebble  of 
granite  at  Copiapo,  of  _the  existence  of  neighbouring 
land :  in  the  upper  parts,  however,  and  especially  in  the 
district  of  Copiapo,  the  number  of  thoroughly  well- 
rounded  pebbles  of  compact  porphyries  make  me  be- 
lieve, that,  as  during  the  prolonged  acctunulation  of 
the  gyseoua  formation  the  lower  beds  had  already  been 
locally  upheaved  and  exposed  to  wear  and  tear,  so  it 
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was  with  tbe  porpbyritic  mn glomerate.  Hence  in 
following;  thus  tar  the  geological  biEtof;  of  the  Cor- 
dillera, it  iu»j  be  inferred  that  the  bed  of  a  deep  and 
open,  or  nearly  open,  oc«iin  wan  6iled  up  by  porphyritic 
oruptions,  aided  probably  by  Bome  general  and  some 
local  elevations,  eo  that  comparatively  shallow  level  at 
which  the  cretaceo-oolitic  shells  first  lived.  At  this 
period,  tlie  submarine  craters  yielded  at  intervals  a 
pro<ligiona  supply  of  gypsum  and  other  mineral  eshala- 
tions,  and  occasionally,  in  certain  places  poured  forth 
lavas,  chiefiy  of  a  feldspathic  nature:  at  this  period, 
i«landa  clothed  with  fir-trees  and  composed  of  porphy- 
ries, primary  rocka,  and  the  lower  gypseous  strata  bad 
alrriwiy  been  locally  upheaved,  and  exposed  to  the 
action  of  the  waves ; — the  general  movement,  however, 
at  this  time  having  been  over  a  very  wide  area,  one  of 
slow  uubsidence,  prolonged  till  the  bed  of  the  sea  eaok 
several  thousand  feet. 

In  Central  Chile,  after  the  deposition  of  a  great 
thickness  of  the  gypseous  strata,  and  after  their  up- 
heaval, by  which  the  Cumbre  and  adjoining  ranges  were 
formed,  a  vast  pile  of  tufaceous  matter  and  Bubmarine 
lava  was  accumulated,  where  the  Uspallata  chain  now 
stands;  also  after  the  deposition  and  upheaval  of  the 
equivalent  gypseous  strata  of  the  Peuijuenes  range,  the 
great  thick  mass  of  conglomerate  in  tbe  valley  of 
Tenuyan  was  accumulated:  during  the  deposition  of 
the  Uspallata  strata,  we  know  absolutely,  from  the 
buried  vertical  trees,  that  there  was  a  subsidence  of 
some  thousand  feet ;  and  we  may  infer  from  tbe  nature 
of  the  conglomerate  in  the  valley  of  Teuuyan,  that  a 
similiir  and  perhaps  contemporaneous  movement  there 
took  place.  We  have,  then,  evidence  of  a  socond  great 
period  of  subsidence ;  and,  as  in  the  case  of  the  sul>- 
sidence  which  accompanied  the   accumulation  of  the 
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cretaeeo-oolitic  Btrata,  so  this  later  Bubsidence  appears 
to  have  been  complicated  by  alternate  or  local  elevatoiy 
movement — for  tbe  vertical  trees,  buried  in  the  midst 
of  the  UspaUata  strata,  must  have  grown  on  dry  land, 
formed  by  the  upheaval  of  the  lower  submarine  beds. 
Presently  I  shall  have  to  recapitulate  the  facts,  showing 
that  at  a  still  later  period,  namely,  at  nearly  the  com- 
mencement of  the  old  Tertiary  deposits  of  Patagonia  and 
of  Chile,  the  continent  stood  at  nearly  its  present  level, 
and  then  for  the  third  time,  slowly  subsided  to  the  amount 
of  several  hundred  feet,  and  was  afterwards  slowly 
re-uplifted  to  its  present  level. 

The  highest  peaks  of  the  Cordillera  appear  to  con- 
sist of  active  or  more  coromonly  dormant  volcanos, — 
such  as  Tupungato,  Maypu,  and  Aconcagua,  which 
latter  stands  23,000  feet  above  tbe  level  of  the  sea,  and 
many  others.  The  next  highest  peaks  are  formed  of 
the  gypseous  and  porphyritie  strata,  thrown  into  vertical 
or  highly  inclined  positions.  Besides  the  elevation  thus 
gainedbyangular  displacements,  I  infer,  without  any  hesi- 
tation— from  the  stratified  gravel-fringes  which  gently 
slope  up  the  valleys  of  the  Cordillera  from  the  gravel- 
capped  plains  at  their  base,  which  latter  are  connected 
with  the  plains,  still  covered  with  recent  shells  on  the 
coast — that  this  great  range  has  been  upheaved  in  mass 
by  a  slow  movement,  to  an  amount  of  at  least  8,000 
feet.  In  the  Despoblado  Valley,  north  of  Copiapo,  the 
horizontal  elevation,  judging  from  the  compact,  stra- 
tified tufaccous  deposit,  capping  the  distant  mountains 
at  corresponding  heights,  was  about  10,000  feet.  It  is 
very  possible,  or  rather  probable,  that  this  elevation  in 
mass  may  not  have  been  strictly  horizontal,  but  more 
energetic  under  tbe  Cordillera,  than  towards  tbe  coast 
on  either  side :  neverthcles?,  movements  of  this  kind 
may  be  conveniently  distinguished  from  those  by  which 
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strata  have  been  abruptly  broken  and  npturned.  When 
viewing  the  Coi-dillera,  before  Laving  read  Mr.  Hopkina'B 
profound  '  Kcsearobea  on  Physical  Geology,'  thf  convic- 
tion was  impressed  on  me,  that  the  angular  dislucations. 
however  violent,  were  quite  subordinate  in  importance 
to  the  great  upward  movement  in  mass,  and  that  they 
had  been  caused  by  the  edges  of  the  wide  fissures, 
which  necessarily  resulted  from  the  tension  of  the 
elevated  area,  having  yielded  to  the  inward  rush  of 
fluidified  rock,  and  having  thus  been  upturned. 

The  ridges  formed  by  the  angularly  upheaved  strata 
are  seldom  of  great  length  :  in  the  central  parts  of  the 
Cordillera  they  are  generally  parallel  to  each  other, 
and  run  in  north  and  south  lines;  but  towards  the 
flanks  they  often  extend  more  or  less  obliquely.  The 
angular  displacement  has  been  much  more  violent  in 
the  central  than  in  the  exterior  main  lines ;  but  it  has 
likewise  been  violent  in  some  of  the  minor  lines  on  the 
extreme  flanks.  The  violence  has  been  very  unequal 
on  the  same  short  lines ;  the  crust  having  apparently 
tended  to  yield  on  certain  points  along  the  lines  of 
fissures.  These  points,  I  have  endeavoured  to  ahow, 
were  probably  first  foci  of  eruption,  and  afterwards  of 
injected  masses  of  porphyry  and  andesite.'  The  doee 
Bimilarity  of  the  andesitic  granites  and  porphyries, 
throiighout  Chile,  Tierra  del  Fuego,  and  even  in  Peru, 
is  very  remarkable.  The  prevalence  of  feldspar  cleav- 
ing like  albite,  is  common  not  only  to  the  andesitea, 
but  (as  I  infer  from  the  high  authority  of  Prof.  G. 
Rose,  as  well  as  from  my  own  measurements)  to  the 
various  clay-stone  and  green-stone  porphyries,  and  to 

'  f-ir  K,  Murchi«iti,  nnd  his  compnnionB  state  ('  Geolog.  Proc'  voL 
iii.  p.  717).  tlint  no  true  granite  nppeiire  ia  tlie  higher  Ural  Monntsini; 
but  th]it  sycaitic  grGpnstoiic — a  rock  closely  nDalogous  to  OUT  imdeaite — 
ia  by  far  tbo  most  obuodoat  of  the  intnuire  maaacs. 
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the  trachytic  lavas  of  the  'Cordillera.  The  andedtic 
rocks  have  in  most  cases  been  the  last  injected  ones, 
and  they  probably  form  a  continuous  dome  imder  this 
great  range :  they  stand  in  intimate  relationship  with 
the  modem  lavas ;  and  they  seem  to  have  been  the 
immediate  agent  in  metamorphosing  the  porphyritic 
conglomerate  formation,  and  often  likewise  the  gypseous 
strata,  to  the  extraordinary  extent  to  which  they  have 
suffered. 

With  respect  to  the  age  at  which  the  several  paraUel 
ridges  composing  the  Cordillera  were  upthrown,  I  have 
little  evidence.  Many  of  them  may  have  been  con- 
temporaneously elevated  and  injected  in  the  same 
manner  ^  as  in  volcanic  archipelagoes  lavas  are  contem- 
poraneously ejected  on  the  parallel  lines  of  fissure. 
But  the  pebbles  apparently  derived  fronf  the  wear  and 
tear  of  the  porphyritic  conglomerate  formatioD,  which 
are  occasionally  present  in  the  upper  parts  of  this  same 
formation,  and  are  often  present  in  the  gypseous  for-- 
mation,  together  with  the  pebbles  from  the  basal  parts 
of  the  latter  formation  in  its  upper  strata,  render  it 
almost  certain  that  portions,  we  may  infer  ridges,  of 
these  two  formations  were  successively  upheaved.  In 
the  case  of  the  gigantic  Portillo  range,  we  may  feel 
almost  certain  that  a  pre-existing  granitic  line  was  up- 
raised (not  by  a  single  blow^  as  shown  by  the  highly 
inclined  basaltic  streams  in  the  valley  on  its  eastern 
flank)  at  a  period  long  subsequent  to  the  upheavement 
of  the  parallel  Peuquenes  range.^     Again,  subsequently 


*  See  the  latter  part  of  Chapter  VI. 

'  I  have  endeavoured  to  show  in  my  *  Journal'  (2nd  edit.  p.  321), 
that  the  singular  ftict  of  the  river,  which  drains  the  valley  between  these 
two  ranges,  passing  through  the  Portillo  and  higher  line,  is  explained 
by  its  slow  and  subsequent  elevation.  There  are  many  analogous  cases 
in  the  drainage  of  rivers :  see  *  Edinburgh  New  Phil.  Journal,'  vol. 
xxviii.  pp.  33  and  44. 

QQ 
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\a  tht?  upheavement  of  the  Cumbre  cliain,  that  of 
Uwpallata  was  formed  and  elevated ;  and  afterwards,  I 
may  add,  in  the  plain  of  UspaUata,  beds  of  sand  and 
gravel  were  violently  upthrown.  The  manner  in  which 
the  various  kinds  of  porphyries  and  andesites  have  been 
injected  one  into  the  other,  and  in  which  the  in&oitely 
niimeroiia  dikes  of  various  composition  intersect  each 
other,  plainly  ehow  that  the  stratified  crust  has  been 
"str'etclied  and  yielded  many  times  over  the  same  points. 
With  respect  to  the  age  of  the  axes  of  elevation  between 
the  Pacific  and  the  Oordillera,  I  kuow  little:  but  there 
are  some  lines  which  must — namely,  those  running 
north  and  south  in  Chiloe,  those  eight  or  nine  east  and 
west,  parallel,  far-extended,  most,  symmetrical  uniclinal 
lines  at  P.  Rumena,  and  the  short  NW.-SE.  and  Nt.- 
SW.  lines  at  Concepcion — have  been  upheaved  long 
after  the  formation  of  the  Cordillera.  Even  during  th« 
earthquake  of  1835,  when  the  linear  north  and  south 
islet  of  St.  Mary  was  uplifted  several  feet  above  the 
siUTOunding  area,  we  perhaps  see  one  feeble  step-  in  the 
formation  of  a  subordinate  mountain-axis.  In  some 
cases,  moreover,  for  instance,  near  the  bathe  of  Cauquenes, 
I  was  forcibly  struck  with  the  small  size  of  the  breaches 
cut  through  the  exterior  mountain-ranges,  compared 
with  the  size  of  the  same  valleys  higher  up  where  enter- 
ing the  Cordillera ;  and  this  circumstance  appeared 
to  me  scarcely  explicable,  except  on  the  idea  of  the 
exterior  lines  having  been  subsequently  upthrown,  and 
therefore  having  been  exposed  to  a  leas  amount  of  denu- 
dation. From  the  manner  in  which  the  fringes  of 
gravel  are  prolonged  in  unbroken  slopes  up  the  valleys 
of  the  Cordillera,  I  infer  that  most  of  the  greater  dis- 
locations  took  placeduring  the  earlier  parts  of  the  great 
elevation  in  mass :  I  have,  however,  elsewhere  given  a 
case,  and  M.  de  Tschudi '  has  given  another,  of  a  ridge 
'  '  Reiw  in  Fern,'  Band  2.  ■.  S : — Anihor'a  Jonni&l,  2iid  adit.  p.  3M. , 
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thrown  up  in  Peru  acrosa  the  bed  of  a  river,  and  conse- 
quently after  the  final  elevation  of  the  country  above 
the  level  of  the  sea. 

Ascending  to  the  older  Tertiary  formatioiu,  I  will 
not  again  recapitulate  the  remarks  already  given  at  the 
end  of  the  Twelfth  Chapter, — on  their  great  extent,  es- 
pecially along  the  shores  of  the  Atlantic — on  their  anti- 
quity, perhaps  corresponding  with  that  of  the  Eocene 
deposits  of  Europe, — on  the  almost  entire  dissimilarity, 
though  the  formations  are  apparently  contemporaneous, 
of  the  fossils  from  the  eastern  and  western  coasts,  as  is 
likewise  the  case,  even  in  a  still  more  marked  degree, 
with  the  shells  now  living  in  these  opposite  though 
approximate  seas, — on  the  climate  of  this  period  not 
having  been  more  tropical  than  what  might  have  been 
expected  from  the  latitudes  of  the  places  under  which 
the  deposits  occur;  a  circumstance  rendered  well 
worthy  of  notice,  from  the  contrast  with  what  is  known 
to  have  been  the  case  during  the  older  Tertiary  periods 
of  Europe,  and  likewise  from  the  fact  of  the  Southern 
Hemisphere  having  suffered  at  a  much  later  period, 
apparently  at  the  same  time  with  the  Northern  Hemi- 
s|^ere,,a  colder  or  more  equable  temperature,  as  shown 
by  the  zones  formerly  affected  by  ice-action.  Nor  will 
I  recapitulate  the  proofs  of  the  bottom  of  the  sea,  botli 
on  the  eastern  and  western  coast,  having  subsided  700 
or  800  feet  during  this  Tertiary  period ;  the  movement 
having  apparently  been  co-extensive,  or  nearly  co-ex- 
tensive, with  the  deposits  of  this  age.  Nor  'will  I  again 
give  the  facts  and  reasoning  on  which  the  propo-ition 
was  founded,  that  when  the  bed  of  the  sea  \^  either 
stationary  or  rising,  circumstances  are  far  less  favour- 
able than  when  its  level  is  sinking,  to  the  accumulation 
of  conchiferous  deposits  of  sufficient  thickness,  exten- 
sion, and  hardness  to  resist,  when  upheaved,  the 
ao3 
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onlinary  vast  amount  of  denudatjoa.  We  have  seen 
that  the  liighly  remarkable  feet  of  the  ab^nce  of  any 
extensive  formabioDB  containiDg  recent  sheLU,  either  on 
the  eaatem  or  western  coastB  of  the  continent, — though 
thcBC  coasts  DOW  abound  with  jiving  MoUusca, — though 
they  are,  and  apparently  have  always  been,  as  favour- 
alilw  for  the  deposition  of  sediment  as  they  were  when 
the  Tertiary  formations  were  copiously  deposited, — and 
though  they  have  been  upheaved  to  an  amount  quite 
mifficient  tfl  bring  up  strata  from  the  deptJiR  the  most 
fertile  for  animal  life, — can  be  explained  in  accordance 
with  the  above  proposition.  As  a  deduction,  it  waa  aim 
attempted  to  be  shown,  first,  that  the  want  of  close 
nequence  in  the  fossils  of  successive  formations,  and  of 
bucccRsive  stages  in  the  same  formation,  would  follow 
from  the  improbability  of  the  same  ar^  continuing 
slowly  to  subside  from  one  whole  period  to  another,  or 
even  during  a  single  entire  period ;  and  secondly,  that 
certain  epochs  having  been  favourable  at  distant  points, 
in  the  same  quarter  of  the  world  for  the  synchronous 
accumulation  of  fossiliferous  strata,  would  follow  from 
movements  of  subsidence  having  apparently,  like  those 
of   elevation,   contemporaneously    atfected   very   lai^ 

There  is  another  point  which  deserves  some  notice, 
namely,  the  analogy  between  the  upper  parte  of  the 
Patagonian  Tertiary  formation,  as  well  as  of  the  upper 
possibly  contemporaneous  beds  at  Chiloe  and  Concep- 
cion,  with  the  great  gypseous  formation  of  Cordillera ; 
for  in  both  formations,'  the  rocks,  in  their  fusible  nature 
in  their  containing  gypsum,  and  in  many  other  cha- 
racters, show  a  connection,  either  intimate  or  remote, 
with  volcanic. action;  and  as  the  strata  in  both  wer« 
accumulated  during  subsidence,  it  appears  at  first 
natural  to  connect  this  sinking  movement  with  a  state 
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of  high  activity  in  the  neighbouring  volcanos.  During 
the  cretaceo-oolitic  period  this  certainly  appears  to  have 
been  the  case  at  the  Puente  del  Inca^  juc^^g  from  the 
number  of  intercalated  lava-streams  in  the  lower  3,000 
feet  of  strata ;  but  generally,  the  volcanic  orifices  seem 
at  this  time  to  have  existed  as  submarine  solfataras,  and 
were  certainly  quiescent  .compared  with  their  state 
during  the  accumulation  of  the  porphyritic  conglomerate 
formation.  During  the  deposition  of  the  tertiary  strata 
we  know  that  at  S.  Cruz,  deluges  of  basaltic  lava  were 
poured  forth ;  but  as  these  lie  in  the  upper  part  of  the 
series,  it  is  possible  that  the  subsidence  may  at  that 
time  have  ceased :  at  Cldloe,  I  was  unable  to  ascertain 
to  what  part  of  the  series  the  pile  of  lavas  belonged. 
The  Uspallata  tuffs  and  great  streams  of  submarine 
lavas,  were  probably  intermediate  in  age  between  the 
cretaceo-oolitic  and  older  Tertiary  formations,  and  we 
know  from  the  buried  trees  that  there  was  a  great  sub- 
sidence during  their  accumulation ;  but  even  in  this 
case,  the  subsidence  may  not  have  been  strictly  con- 
temporaneous with  the  great  volcanic  eruptions,  for  we 
must  believe  in  at  least  one  intercalated  period  of  eleva- 
tion^ during  which  the  ground  was  upraised  on  which 
the  now  bui'ied  trees  grew.  I  have  been  led  to  make 
these  remarks,  and  to  tlirow  some  doubt  on  the  strict 
contemporaneousness  of  high  volcanic  activity  and 
movements  of  subsidence,  from  the  conviction  impressed 
on  my  mind  by  the  study  of  coral  formations,^  that 
these  two  actions  do  not  generally  go  on  synchronously ; 
— on  the  contrary,  that  in  volcanic  districts,  subsidence 
ceases  as  soon  as  the  orifices  burst  forth  into  renewed 
action,  and  only  recommences  when  they  again  have 
become  dormant. 

>  *  The  Structure,  &c.  of  Coral  Reefs,'  1st  ed.  p.  140  ;  2nd  od.p.  180. 


At  a  later  period,  the  Pampean  mud,  of  esttui; 
origin,  was  depoaited  oser  a  wide  area, — in  one  district 
conformably  on  the  underlying  old  tertiary  strata,  and 
in  another  diatrict  tmconformably  on  them,  aft«r  their 
upheaval  and  denudation.  Diuing  and  before  the 
ai^L^umulation,  however,  of  these  old  Tertiary  strata, 
iind,  therefore,  at  a  very  -remote  period,  sediment, 
Blrikingly  resembling  that  of  the  Pampas,  was  depo- 
iiled ;  ahowing  during  how  long  a  time  in  thie  caee  the 
Bamo  agencies  were  at  work  in  the  same  area.  The 
deposition  of  the  Pampean  estuary  mud  was  accom- 
Wafr'lBUti  in  the  southern  parts  of  the  Pampaa, 
'  movement,  so  that  the  M.  Hermoeo 
f  were  accumulated  aft<?r  the  upheaval  of 
those  round  the  S.  Ventana ;  and  those  at  P.  Alta  after 
the  upheaval  of  the  Monte  Hermoso  strata ;  but  there 
is  some  reason  to  suspect  that  one  period  of  subsidence 
intervened,  during  which  mud  was  deposited  over  the 
coarse  sand  of  the  Barrancas  de  S.  Gregorio,  and  on  the 
higher  parts  of  Banda  Oriental.  The  mammiferous 
animals  characteristic  of  this  formation,  many  of  which 
differ  as  much  from  the  present-  inhabitants  of  South 
America,  as  do  the  eocene  mamnials  of  Europe  from 
the  present  ones  of  that  quarter  of  the  globe,  certainly 
co-exiHt«d  at  B.  Blanca  with  twenty  species  of  mollusca, 
one  balanus,  and  two  corals,  all  now  living  in  the 
.idjoining  sea:  this  is  likewise  the  cnse  in  Patagonia 
with  the  Macrauchenia,  which  co-existed  with  eight 
shells,  still  the  commonest  kinds  on  that  coast.  I  will 
not  repeat  what  I  have  elsewhere  said,  on  the  place  of 
habitation,  food,  wide  range,  and  extinction  of  the 
numerous  gigantic  mammifei-s,  which  at  this  lat« 
period  inhabited  the  two  Americas. 

The  nature  and  grouping  of  the  shells  embedded  in 
the  old  Tertiary  formations   of  Patagoiua   and  Chile, 
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show  us,  that  the  continent  at  that  period  must  have 
stood  only  a  few  &thoms  below  its  present  level,  and 
that  afterwards  it  subsided  over  a  wide  area,  700  or 
800  feet.  The  manner  in  which  it  has  since  been  re- 
brought  up  to  its  actual  level,  was  described  in  detail 
in  the  Eighth  and  Ninth  Chapters*  It  was  there  shown 
that  recent  shells  are  found  on  the  shores  of  the  Atlan* 
tic,  from  Tierra  del  Fuego  northward  for  a  space  of  at 
least  1180  nautical  miles,  and  at  the  height  of  about 
100  feet  in  La  Plata,  and  of  400  feet  in  Patagonia. 
The  elevatory  movements  on  this  side  of  the  continent 
have  been  slow  ;  and  the  coast  of  Patagonia,  up  to  the 
height  in  one  part  of  950  feet  and  in  another  of  1200 
feet,  is  modelled  into  eight  great,  step-like,  gravel- 
capped  plains,  extending  for  hundreds  of  miles  with  the 
same  heights  J  this  fact  shows  that  the  periods  of  denu- 
dation (which,  judging  from  the  amount  of  matter 
removed,  must  have  been  long  continued)  and  of  eleva- 
tion were  synchronous  over  surprisingly  great  lengths 
of  coasts.  On  the  shores  of  the  Pacific,  upraised  shells 
of  recent  species,  generally,  though  not  always,  in  the 
same  proportional  numbers  as  in  the  adjoining  sea, 
have  actually  been  found  over  a  north  and  south  space 
of  2075  miles,  and  there  is  reason  to  believe  that  they 
occur  over  a  space  of  2480  miles.  The  elevation  on 
this  western  side  of  the  continent  has  not  been  equable ; 
at  Valparaiso,  within  the  period  during  which  upraised 
shells  have  remained  undecayed  on  the  surface,  it  has 
been  1300  feet,  whilst  at  Coquimbo,  200  miles  north- 
ward, it  has  been  within  this  same  period  only  252 
feet.  At  Lima,  the  land  has  been  uplifted  at  least 
eighty-feet  since  Indian  man  inhabited  that  district ; 
but  the  level  within  historical  times  apparently  has 
subsided.  At  Coquimbo,  in  a  height  of  364  feet,  the 
elevation  has  be:n  interrupted  by  five  periods  of  com- 


pniutive  resl.  At  several  places  tlie  Land  has  be«n 
lately,  or  still  if,  rising  both  insensibly  and  by  sudden 
HtarM  of  0.  fen  feet  during  earthquake-shocks ;  thi* 
showH  that  thetie  two  kinds  of  upward  movement  are 
intiiiiiitely  connected  together.  For  a  space  of  775 
miles,  upraised  recent  ebetls  are  fomid  on  the  two  o|>- 
ponttj!  sides  of  the  continent ;  and  in  the  suuthem  half 
of  this  space,  it  may  be  safely  inierrrd  from  the  slope 
of  the  land  up  to  the  Cordillera,  and  from  the  flhells 
found  in  Hut  central  part  of  Tierra  del  Fuego,  and  higti 
up  the  river'Sunta  Cruz,  that  the  entire  breadth  of  the 
continent  has  been  uplifted.  From  the  general  oo- 
curronce  on  both  coafte  of  ^iicceesive  tines  of  escarp- 
ments, of  sanilunt-M  and  marks  of  erosion,  we  must 
conclude  that  the  elevatory  movement  has  been  nor- 
mally interrupted  by  periods,  when  the  land  either  was 
stationary,  or  when  it  rose  at  so  slow  a  rate  as  not  to 
resist  the  average  denuding  power  of  the  waves,  or 
when  it  subsided.  In  the  case  of  the  present  high  ee»- 
cliffs  of  Patagonia  and  in  other  analogous  instances,  we 
have  seen  that  the  difficulty  in  understanding  how 
strata  can  be  removed  at  those  depths  under  the  sea,  at 
which  the  currents  and  oscillations  of  the  water  are 
depositing  a  smooth  surface  of  mud,  sand,  and  sifted 
pebblesi  leads  to  the  suspicion  that  the  formation  or 
denudation  of  such  cliffs  has  been  accompanied  by  a 
sinking  movement. 

In  South  America,  everything  has  taken  place  on  a 
grand  scale,  and  all  geological  phenomena  are  still  in 
active  operation.  We  know  how  violent  at  the  present 
day  the  earthquakes  are,  we  Lave  seen  how  great  an 
area  is  now  rising,  and  the  plains  of  tertiary  origin  are 
of  vast  dimensions ;  an  almost  sti-aight  line  can  be 
drawn  from  Tierra  del  Fuego  for  1600  miles  northward, 
and  probably  for  a  much  greater  distance,  which  shall 
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intersect  no  formation  older  than  the  Patagonian 
deposits ;  so  equable  has  been  the  upheaval  of  the  beds, 
that  throughout  this  long  line,  not  a  fault  in  the  strati- 
fication or  abrupt  dislocation  was  anywhere  observable. 
Looking  to  the  basal,  metamorphic,  and  plutonic  rocks 
of  the  continent,  the  areas  formed  of  them  are  likewise 
vast ;  and  their  planes  of  cleavage  and  foliation  strike 
over  surprisingly  great  spaces  in  uniform  directions. 
The  Cordillera,  with  its  pinnacles  here  and  there  rising 
upwards  of  20,000  feet  above  the  level  of  the  sea, 
ranges  in  an  unbroken  line  from  Tierra  del  Fuego, 
apparently  to  the  Arctic  circle.  This  grand  range  has 
suffered  both  the  most  violent  dislocations,  and  slow, 
though  grand,  upward,  and  downward  movements  in 
mass  :  I  know  not  whether  the  spectacle  of  its  immense 
valleys,  with  moimtain-masses  of  once-liquified  and 
intrusive  rocks  now  bared  and  intersected,  or  whether 
the  view  of  those  plains,  composed  of  shingle  and  sedi- 
ment hence  derived,  which  stretch  to  the  borders  of  the 
Atlantic  Ocean,  is  best  adapted  to  excite  our  astonish- 
meiit  at  the  amount  of  wear  and  tear  which  these 
mountains  have  undergone. 

The  Cordillera  from  Tierra  del  Fuego  to  Mexico,  is 
penetrated  by  volcanic  orifices,  and  those  now  in  action 
are  connected  in  great  trains.  The  intimate  relation 
between  their  recent  eruptions  and  the  slow  elevation 
of  the  continent  in  mass,*  appears  to  me  highly  impor- 
tant, for  no  explanation  of  the  one  phenomenon  can  be 
considered  as  satisfactory  which  is  not  applicable  to 
the  other.  The  permanence  of  the  volcanic  action  on 
this  chain  of  mountains  is,  also,  a  striking  fact ;  first, 
we  have  the  deluges  of  submarine  lavas  alternating 
with  the  porphyritic  conglomerate  strata,  then  occa- 

'  On  the  Connection'of  certain  A'olcanic  Phenomena  in  South  America. 
*  Geolog.  Transiict./  rol.  v.  p.  600. 


sionally  feldspathic  streame  ani  abundant  mineral 
exhalation B  during  tJie  gypseous  or  cretaceo-oolitic 
period  ;  then  the  eniptiona  of  the  Uspallata  range,  and 
at  an  ancient  but  unknown  period,  when  the  sea  came 
up  to  tJje  eastern  foot  of  the  Cordillera,  Gtreame  of  ba- 
ialtic  lava  at  the  foot  of  the  Purtiilo  range ;  then  the 
old  Tertiary  eruptions ;  and  lastly,  there  are  here  and 
there  amongst  the  mountains  much  worn  and  appa- 
rently very  ancient  volcanic  formations  without  any 
orators  ;  there  are,  also,  craters  quite  extinct,  and  others 
in  the  condition  of  solfataras,  and  others  occasiwially 
or  habitually  in  -fierce  action.  Hence  it  would  appear 
tbat  the  Cordillera  has  been,  probably  with  some 
quiescent  periods,  a  source  of  volcanic  matter  from  an 
epoch  anterior  to  our  cretaceo-oolitic  formation  to  the 
present  day ;  and  now  the  earthquakes,  daily  recurrent 
on  some  part  of  the  western  coaet,  give  Little  hope 
that  the  subterranean  energy  is  expended. 

Recurring  to  the  evidence  by  which  it  was  shown 
that  some  at  least  of  the  parallel  ridges,  which  together 
compose  the  Cordillera,  were  successively  and  slowly 
upthrown  at  widely  different  periods ;  and  that  the 
whole  range  certainly  once,  and  almost  certainly  twice, 
subsided  some  thousand  feet,  and  being  then  brought 
up  by  a  slow  movement  in  mas3,  again,  during  the  old 
Tertiary  formations,  subsided  several  hundred  feet,  and 
again  was  brought  up  to  its  present  level  by  a  slow  and 
often  interrupted  movement ;  we  see  how  opposed  is 
this  complicated  history  of  changes  slowly  effected,  t« 
the  views  of  those  geologists  who  believe  that  this 
great  mountain -chain  was  formed,  in  late  times  by  a 
single  blow.  I  have  endeavoured  elsewhere  to  show,' 
that  the  excessively  disturbed  condition  of  the  stratA 
in  the  Cordillera,  so  far  from  indicating  single  periods 
'  '  fieoloR.  TmnBact,,'  rol.  v.  p.  626. 
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of  extreme  violence,  presents  insuperable  difficulties, 
except  on  the  admission  that  the  masses  of  once  lique- 
fied rocks  of  the  axes  were  repeatedly  injected  with 
intervals  sufficiently  long  for  their  successive  cooling 
and  consolidation.  Finally,  if  we  look  to  the  analogies 
drawn  from  the  changes  now  in  progress  in  the  earth's 
crust,  whether  to  the  manner  in  which  volcanic  matter 
is  erupted,  or  to  the  manner  in  which  the  land  is  histo- 
rically known  to  have  risen  and  sunk  :  or  again,  if  we 
look  to  the  vast  amount  of  denudation  which  every  part 
of  the  Cordillera  has  obviously  suffered,  the  changes 
through  which  it  has  been  brought  into  its  present  con- 
dition, will  appear  neither  to  have  been  too  slowly 
effected,  nor  to  have  been  too  complicated. 

-  Note. — As,  both  in  France  and  England,  translations  of  a  passage 
in  Prof.  Ehrenberg's  Memoir,  often  referred  to  in  the  Eleventh  Chapter  of 
this  volume,  have  appeared,  implying  that  Prof.  Ehrenberg  believes, 
from  the  character  of  the  Infusoria,  that  the  Pampean  formation  was 
deposited  by  a  sea-debacle  rushing  over  the  land,  I  mav  state,  on  the 
authority  of  a  letter  to  me,  that  these  translations  are  incorrect.  The 
following  is  the  passage  in  question : — '  Durch  Beachtung  der  mikro- 
scopischen  Formen  hat  sich  nun  festellen  lassen,  dass  die  Mastodonten- 
Lager  am  La  Plata  und  die  Knochen-Lager  am  Monte  Hermoso,  so  wie 
die  der  Kiesen-Giirtelthiere  in  den  Diinenhiigiln  bei  Bahia  Blanca, 
beides  in  Patagonien,  unveranderte  brakische  Siisswasserbildungen  sind, 
die  einst  wohl  sanmtlich  zum  obersten  Fluthgebiethe  des  Meeres  im 
tieferen  Festlande  gehorten.' — Monatsberichic  der  konigl.  Akad,  etc.^  sni 
Berlin  vom  April  1 845. 
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DESCRIPTIONS  OF  TERTIARY  FOSSIL  SHELLS 

FROM  SOUTH  AMERICA. 

By  G.  B.  SOWERBY,  Esq.,  F.L.S.,  &c. 


MactraP  buoata.— PL  IL  fig.  8. 

Mactra  f  tettd  Mongd^  tenui,  turgidd,  latere  antico  dUioref  roturif 
dato,  postico  lonffiare,  acuminato :  lineis  incrementi  rugas  covif 
centi'icas  effbnuaniibue. 

The  shell  itself  is  changed  into  Gypsum. 
Santa  Cruz,  Patagonia. 

Mactba  Dabwinh. — PI.  II.  fig.  9. 

Mactra  testd  ovali,  8\tbcBquUateralij  svbventricosd,  tenuiusculdf  kaviy 
concentric^  striatd,  antich  rotundatd,  jwstic^  chtoletimm^  sub- 
quadratd. 

It  is  impossible  to  get  at  the  hinge^  wherefore  it  cannot  be 
ascertained  positively  to  be  a  Mactra. 

Santa  Cruz,  Patagonia. 

Orassatella  Ltbllii.— pi.  II.  ^^.  10. 

Crassatella  testd  dblongd,  planiusculdj  tenuiusculdf  postich  anffulatd, 
margine  postico  dorsali  declivi,  superjicie  sulcis  obtusiSf  reinotis, 
longitudinalibus  omatd. 

This  species  most  nearly  resembles  Crassatella  latnellosa  of 
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Ijun. ;  it  U,  bowe>er,  deotitate  of  di«  arect  **■""■■  wUd  om*- 
ment  the  mriace  of  tW  Bpecits. 
SwiIb  Cnu,  PatagtoUB. 

OoBBUp  L^noiTA. — PI.  n.  fijr.  II. 
Carha   Ifttd  oetrio-roliitidatd,   mttricotd,   lar^ald,    mtirffint  intta 
hrvi :  l<ms.  S-2 ;  faf.  2- ;   att.  27,  peU. 

It  {■  nut  wtUiuut  Mine  heniUMim  that  1  ban  pUced  this  in  the 
ffeniu  fIvr&H,  Although  itia  of  theBune^fmenl  form  be  miKt  of  the 
KD'jwii  Kiircies  of  tlmt  ^nus.  It  U  quite  free  from  uxienml  rogontj 
Of  Iiunetlffi.  There  sre  two  spedments  both  of  them  so  iiupMfecl 
thttt  it  ia  imponibie  to  aacertain  with  oertunty  the  character  of 
the  hinge  and  miucular  impreaiiioiia. 

.    Nmridad,  Obile. 


TKLLDciDBa  ?  OBtonG*.— PI.  n.  fig.  12, 


TfUiitidet  t  tfttd  obUmffd,  tulxeqmlttterali,  imteritu  aitiore,  ikw* 
teriui  acuminaliore,  ulriSque  rotundatd ;  duco  glabra,  hauit 
incremeiUi  lolummodo  ngnato  :  long.V^;   nit.0'7,pcU. 

Thin  shell  U  very  thin,  and  beinfr  emhedded  in  a  hard  comjiact 
stone,  all  attempts  to  get  at  the  hinge  have  proTed  abcative  :  it  is 
therefore  placed  in  Telimidei  as  the  genus  to  which  it  approaches 
most  nearly  in  external  characters.  M.  d'Othigny  considera  it  a 
SolmeUa. 

Ohiloe^  eastern  coast. 

\xinjB  laBiDioHAiiB. — PL  U.  fig.  13. 

Venn*  tuld  ovali,  plajuxonvacd,  amceTUrid  itriatS,  ttrUt  ocutu, 
dittontibm,  0ulheUvatit,  mlentUiit  radiaiim  obieleU  itHatit; 
margine  mmitiimimi  cremiiato. 

This  BO  closely  resembles  V.  exalbtda,  Lava,  in  shape,  u  Dot  to 
be  distinguishable,,  except  by  the  radiating  stri»  and  the  finely 
crenulated  niatgin. 

Santa  Onu,  Patagonia ;  and  Nnvidad,  Chile,' 

Oythbrea  BULctTLOBA.— pi.  II.  fig.  14. 

Cijthtrea  iutd  tuboi^atd,  mUtci  rotundatiore,  poitki  Umgiort,  acumi- 
iiiiiitucuid,   obtiud;    tuicia  cancentricu,   con/ertiuscuiig,    media 
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MvM»^  antic^  postic^que  acwtunibus  crnatd :  Icng,  1*;  0/^.0*7; 
lot.  0%  poll. 

I  have  compared  the  single  valve  of  this  with  numerous  recept 
and  fossil  Venerea  and  Cytherea,  without  being  able  to  identify  it 
with  any.  As  I  have  not  been  able  to  see  the  hinge,  I  have  only 
judged  it  to  be  a  Cytherea  from  analogy. 

Chiloe,  eastern  coast :  islands  of  Huafo  and  Ypun  ? 

CARDnrM  PlTBLCHXJM. — PL  11.  fig.  16. 

Cardium  testa  subglobosd^  tenui,  kevnuculd,  latere  postico  8iibcnri- 
natOj  superficte  striis  radtantibvs,  nutneronsnmis,  conferiimmis 
instt^uctd. 

The  radiating  striae  and  the  interstices  are  nearly  equaL  Nearly 
the  whole  outer  surface  is  gone  from  both  specimens. 

Santa  Oruz,  Patagonia. 

Cardium  multibadiatum. — PL  II.  fig.  16. 

Cardium  testd  mbglohosd,  costellis  radiantibus  posticis  13,  rotundatisj 
medianis  plurimis  planulatiSf  ifUerttitiis  rotundatis;  margme 
denticulato. 

Th&se  are  all  the  characters  that  can  be  given,  ae  there  is  only 
the  posterior  portion  of  one  valve ;  of  course  the  general  form  is 
only  surmised,  and  the  proportions  cannot  be  ascertained. 

Navidad,  Chile. 

Oardita  Pataoonica.-  -PL  II.  fig.  17. 

Cardita  testd  subtrnpeziformi-rotundd,  tumidd,  suhcordiformi,  suhob- 
liqudy  costis  radiantibus  24,  angustis,  anguUstis,  squamoso-serratis, 
interstitiis  latioribus. 

Nearly  related  to  C.  aciUicostctta,  and  may  be  distinguished  by 
'having  fewer  and  more  distant  ribs. 

Santa  Cruz,  Patagonia. 

NUCITLA  ?   GLABRA. — PL  II.  fig.  18. 

Nuculn  testa  ovato-oblomgd,  glabrdy  nUidd,  latere  antico  breviore^ 
postico  magis  acuniinato  ;  inargintbus  dorsalibus  declivis. 

I  have  referred  this  to  Nucuhy  because  there  is  no  external  ful- 
crum for  the  attachment  of  the  cartilage  and  ligament ;  the  nature 


at  the  vUnw  in  whkb  it  ie  imbedded  hsi  nmdeicd  il 

expoK  tay  port  of  Hie  inside. 

S»nta  Cnix,  P>U(^du. 

NiwnLA  o«5*1»,— PI.  II.  fi(f.  1' 


A  1i«Aiilil\i1  ApMries  which  nppftrvutly  r««enil>lM  .V.  7%far)>- 
formit  ill  general  ahape,  but  inasmuch  as  a  tVaj^ent  aL>Qe  bsa  been 
&iiuid,  wo  cunnot  giTs  a  more  complete  chaiacter. 
Fort  Deuro,  Patapoma. 

Tbiooxocelia  rasoLiTi.— pi  II.  %».  20,  21. 

Trigenoctlia  te^ii  mhoiiali,  craiaiu»enlii,  •■aid!'  MitpiJ,  Icen;  and 

lignmmti  tngnnH,  lalerihun  tUvat.it ;  drntSnu  paiieui,  mofftm. 

This  species  is  more  unlike  the  tvpical  form  of  Pnctartculia 
than  any  which  baa  come  under  my  observation,  l)eing  OTen  more 
oblique  than  the  P.  Mimuu  of  De  France,  from  wbicb  it  ditfera 
moreover  in  l>eing  smooth  on  the  outside,  and  destitute  of  radiat- 
ing ridges. 

Santa  Cruz,  Patagonia. 


CucuUtBa  Jegtii  ocato-trapestformi,  tuboUiqud,  nhrugosd,  unAonibut 
dittantihue,  ared  ligammti  profundi  tidcatd,  impranonit  mu*- 
eulari* pottica  nmrgine  ventrali  eievatd. 

There  is  a  considerable  prima  facit  resemblance  between  this 
■pecies  and  CwmUrea  dtcumatn,  'Min.  Con.'  This  from  S.  Crui 
may,  bowever,  be  easily  distinguished  from  the  British,  by  its 
greater  heifrht,  its  more  oblique  form,  and  by  the  gfreater  number 
of  inipressod  litiea  on  the  liganiental  area. 

Santa  Cruz  and  Port  Desire,  Patagonia. 


Anokia.  altbrnajjp. — PI.  II.  6g.  26. 

Anomia  tettd  tiiborbicidari,  coitellis  radianCibus  ptun 
miferii,  nltprnif  minorihus. 

There  is  only  a  single  ralve  of  this  species. 
Coquimbo,  Chile. 
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Tbkbbratula  Pataoonica. — ^Pl.  II.  figs.  26,  ^, 
\ 
Terthrat'ula  testd  ovali,  lavi,  valvis  ferk  €Bqualiter  convexis,  donaU 
productd,  incurvdjforamine  magnOj  ad  marginem  valvarumferh 
parallelo ;  deltidiiSy  mediocribus :  ared  cardinali  concavd,  ^  hnffp- 
tudinia  testa ;  margine  antico  mteffro, 

Slightlj  different  from  the  T.  vanabUis  of  the  British  Orag, 
{vide  *  Min.  Oon.*  t.  576,  ff.  2  to  5^  to  which  however  it  is  very 
nearly  related,  as  it  is  also  to  tne  T.  bisinuata.  Lam.,  of  the 
Paris  basin.  It  may  be  distinguished  from  both  by  its  haying  no 
sinus  in  the  anterior  margin. 

San  Josef  and  San  Julian,  Patagonia. 


Pecten  gehinatus. — ^Pl.  n.  fig.  24. 

Pecten  testd  cBquivalm,  ovatdf  aurictdis  inaqutdibus,  eostis  radtanH- 
bus  squamuliferis  22 j  geminatis ;  interstitus  altemis  latioribw, 
nonnunquam  costd  minore  instructd ;  auriculd  alterd  magnd 
radiatim  costatd. 

In  general  form  this  species  resembles  Pecten  textorius  fSchlot.) 
Goldf.  Tab.  XO.  f.  9,  but  it  has  very  few  more  than  half  me  num- 
ber of  ribs,  which  in  the  present  species  are  disposed  in  purs.  The 
P.  textorius,  moreover,  belongs  to  the  Lias  ana  inferior  Oolite,  ac- 
cording to  Goldfuss. 

San  Julian,  Patagonia. 


Pecten  Darwinianttb. — ^D'Orbig. '  Voyage,  Part.  Pal.' 
(PL  III.  figs.  28,  29,  of  this  work.) 

Pecten  testd  fej'e  orhiculari,  sulxequivalmj  tenui,  uirinque  convexiua- 
culd ;  e^'tiis  Icevi,  intus  eostis  radiantihus,  per  paria  dispositis, 
propb  centrum  viinus  conspicuis ;  aurictdis  parvis. 

Like  Pect.  Pleuronectes,  P.  Japonicus,  and  P.  ohliteratus  in 
general  characters,  but  easily  distinguished  from  all  three  by  the 
circumstance  of  its  internal  radiating  ribs  being  disposed  in  pairs. 
This  species  has  been  named  and  described  by  M.  d'Orbigny,  but  as 
his  description  is  very  brief,  owing  to  the  condition  of  his  speci- 
mens, and  is  unaccompanied  by  any  fij^ure,  I  have  thought  it 
advisable  to  append  the  above  specific  character. 

San  Josef,  Patagonia ;  and  St.  F^,  Entre  Rios. 

R  R 
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Tliic  CTxciri  but  been  figured  and  fuUj  tleecribed  br  3L  dX) 
Ugor.  and  W  been  wcidentallr  itfguivd  here. 

■Sad  Jnwf,  fNtn  Jolks.  Port  Deure,  PatapsnU ;  and  St.  I 
Eolie  llto«. 

PECTIM  CEBTHiLIS.— PL  III.  fig.  31. 

JVedm  f  rMlil  mion-'ii/iiri,  J^preMd,  radiit  quinquf  tquitmvi^rrU  01 
'ra^i*  rminrTitinrr,  linni radioMi/nu  atperit  niaHrrotitgulamaUlf^ 
aurirvji*  nuiffnU,  mb^gunlihiu  t 

A  tixtgiti  frafpnent  of  this  mnarkable  spedee  ttbs  faund  nt 
Fort  6,  Julian:  two  othem  were  brought  fram  Part  I>eciTe.  Tlu«? 
fragmentit  are  all  of  the  Mme  ride.  k>  that  we  iw  as  .vet  but  rerr 

iiD[«rfi-tl_v  a^yjuainU'J  niih  t)ip.'  species. 

San  Julian,  Port  Desire,  Santa  Cruz,  Patagonia. 


PWTTEr  ACTlJtODBB.— PI.  III.  fig.  33. 

Pecten  trttd  mborbiculari,  cimvtxiiacuid,  trnvi,  mlru  taba^UiOlAiu, 
rndiit  principaiibtu  tubelevatit  circa  30,  vntermedut  3 — 7 
viinorihve,  onivibm  fqvnmuliferii :  tiuricvla  trufqvat&tu, 
radialim   tquarmdifcTit,  altera   mnfftia,  porrKfd,  atirrd  pared. 


B  intermediate  rilw  being  i 


San  Josef,  Patagonia. 


Pecten  Irtid  mhofbievlari,  tvbinrFjvirtiln,  craitiiitcidd,  rvdt,  cottit 
radiav/ibtii  22,  rotvndn/iii,in/fr«filii«  nnijtutioribtig :  mtninfdiii 
iionwiiquam  ferb  obioieti);  tnorffine  ralidc  undulato. 

The  ppciineniflonly  afragment;  another  fragment  accompanies 
it,  whicli  may  possibly  be  the  opposite  valve. 
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ObEPIDTTLA  eSEGABEA.. — ^Pl.  III.  fig.  34 

Orepidula  testd  dblongd,  intoridy  crassd,  subrugoid;  septo  eUmgatOj 
guhspirali,  kevi ;  vertice  auhmarffinali. 

This  species  is  remarkable  for  its  lengthened  form :  it  is  found 
grouped  together  in  an  argillaceous  sandstone  of  a  grayish  colour. 
It  bears  a  strong  general  resemblance  to  Crepidula  fomicatay 
which  is  found,  similarly  grouped,  on  the  coast  of  New  York, 
New  England,  and  generally  on  the  Atlantic  coasts  of  North 
America. 

Santa  Oruz,  Patagonia. 

Bulla  cosmophila. — PI.  HI.  fig.  35. 

Bulla  testd  suhcylindraced ;  extremilatibus  obtustSy  rotundatisy 
aniicd' paultUu7H  latiore;  gtriis  numertmSy  eanfertisy  tran9- 
versisy  interstitiis  angustioribus  jdandiuculis :  long.  0*9;  lot.  0*4. 

I  do  not  find  any  character  to  distinguish  this  from  the  fossil 
which  abounds  in  the  neighbourhood  of  Bordeaux,  and  which  is 
also  foimd  near  Paris  and  in  Normandy,  and  which  Beshayes  has 
regarded  as  merely  a  variety  of  Bulla  lignariay  Auct.,  from  which 
however  it  may  easily  be  distinguished  by  its  much  more  cylindri- 
cal form. 

Huafo  Island,  Chile. 

SiGARETTJS  SrUQLOBOSTTS. — PI.  III.  figS.  36,  37. 

Sigaretus  testd  subglohosdy  nnfractibiis  quatuofy  BpircUiter  coticinnb 
sulcatis :  long.  09  ;  lat.  0-8  :  alt.  0'66, poll. 

The  spiral  {jrrooves  and  intermediate  ridges  are  very  nearly 
tif£ual  in  general,  though  sometimes  rather  irregular.  This  is  the 
most  concave  species  of  Adanson's  Sigaretiis  ihat  I  have  ever  seen, 
the  position  of  \U  aperture  being  much  less  inclined  to  the  longi- 
tudinal axis  than  it  is  even  in  the  S.  cotwavusy  Lam.,  a  recent 
species  common  at  Valparaiso. 

Navidad,  Cliile  ;  and  Ypun  Island,  Chonos  Archipelago. 

Natica  pumila. — PI.  III.  fig.  38. 

Natica  testd  ovnto-sicbyloloidj  glabra j  anfractibm  quatuory  umbilico 
magnoy  patido. 

A  single  individual  of  this  small  species,  wliich  appears  as  far 
as  I  can  judge  to  be  distinct  from  any  of  the  recent  species,  occurs 

B  B  2 
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frl3 


In  the  ansae  wrt  of  ropk,  nainelT.  6  veij  hard  and  veir  dark  oll»e 
meu  MHiiLitonH,  wltll  tlie  foliowing'  speciea.  The  difficulEjr  of 
detacliioir  t'i'»  »to:i"  fnmi  th*-  shells  hw  pwreated  me  from  a^wr- 
tBiniTi)!^  witli  certaintj  whether  or  not  there  1»  an  umbUiraLl 

calliu. 

Chiliw,  uatrtern  Pijiut, 


^ATiCA  snaoLATA.— PI  nL  fig.  39. 

Ifaliini  tetlit  dfptf*.mi*7itto-ivhffloimiid,  cratniiaatild,  glahrg,  anfrae- 
tibui  qiiitnai-  ail  quinqn',  lilli'no  tnaximo,  t/iiraiitfr  mJatriiito, 
ttiiij  euhdiiinntifiiit  t  faUo  ninhilieaii  miupio,  umbili/yum  om- 
mnb   o'itegmtc,   nd  lalaum   inecmwn   iiuramatuni  anfiei   cort- 

^taoppclm  I'.-  ■  ■  ' '■      ■  '  111. -I'.',  A'd/iVii  mria^oma  in  ^^nPral 
fenn,  lu  troll  iw  i  I  ■    :-:  it  is  however  rather  more 

riToiilnv  find  t!yi   n  rinndpr,     .fudfrinp  from  the 

appnri'-it  !.T>niii-,\l  r-iriii,  I  nt  first  si^lit,  when  X  only  saw  the  upper 
aurliicr,  l:inl  t:ilvL':iil  (ot  Siijnrftut  concawu,  which  it  also  resemblee; 
and  I  w<\.i  nut  iiinlcouivcd  until  bv  clearing  awaj  the  stone  I  di»- 
coveru.l  i';o  iimUii'iil  callus,    ^here  ace  two  s      '  *   ' ' 


snnnA.— PI.  HI.  fig?.  40,  41. 

'.  n-mtii.  lavi,  tpird  brevi,  anfractibta  guin- 
iiii/iiciid,  apfrturd  ovait,  Imio  columtUari 
iiil}ilicatnediocn,ciilloparoo:  long.  IS;  lot. 


.'sonililcs  a  very  commoD  recent  species, 
:i  cmifonnded  with  A',  mnmilla,  but  which 
!):;i  D'Orbigny  under  the  name  of  A'.  Pier 
',!■  iHstinguiahed  from  that  species  by  beinfr 
iiiiliilicftl  callosity.  The  only  apecimen  is 
<-ii1arly  about  the  spire,  so  that  the  true 
'  i»  only  discernible  in  one  part,  and  the 
111-  siH-eimena  conveys  the  deceptire  notion 
^iiiciled  suture. 

'  ^  Xatica,  closely  resemblitiK,  but  poeeibly 
■.  wpti-  procured  at  Santa  Crui ;  thev  aiw 
■.1  ■.  n-ui  imly  n  small  portion  of  the 'shell 
■;■■>■  of  the  outer  coats  about  the  suture, 
■?,:*  rery  deep  and  distinct,  whereas  when 
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well  preserved  the  suture  is  scarcely  distingnishable ;  M.  d'Orbigny 
considers  the  S.  Cruz  species  are  certainly  distinct. 

Nayidad,  Chile ;  Santa  CruZ;  Patagonia  P 


SCAXARIA  RUQULO8A. — PI.  III.  figs.  42,  4o. 

Scalaria  testa  acunUnatihpyramidaii,  crassiusculttj  omniiib  rv^doBd, 
varicSna  nuf/ierogis,  crassiSf  rotundatis ;  intersiitiis  spiraUter 
obsolete  suicatis. 

Volutions  about  eleven  or  twelve,  increasing  very  gradually 
in  size ;  with  fourteen  or  fifteen  rounded  and  thickish  varices  on 
each. 

San  Julian,  Patagonia. 


Trochus  collabis. — PL  III.  figs.  44,  46. 

Trochus  testd  conicd,  laeviy » anfractibus  mhc^qualibus,  tenuimm^ 
transversim  gtriatis,  pokici  propk  suturas  tubereulis  minutis 
seriatim  cinctiSf  infra  subconvexis,  spiraliter  tenuiter  gtriatis ; 
aperture  angrdo  extemo  actUo :  hng,  0'46 ;  laty  0*56,  poll, 

A  very  small  portion  of  the  outer  surface  remains,  the  inner 
coat  is  wholly  covered  with  a  yellowish  green  and  reddish  irides» 
cence.  Umbihcus  as  far  as  I  can  judge  the  same  as  in  the  following 
species,  TV.  Itevis.  This  may  possibly  be  only  a  youn^  shell  of  that 
species,  (and  is  so  considered  by  M.  d'Orbigny)  as  it  is  only  distin- 
guished by  a  row  of  very  small  tubercles  placed  Lnmediately  imder 
the  suture,  which  may  have  existed  in  that  species  when  young ; 
and  it  must  be  observed  tliat  the  first  volutions  are  broken  from 
both  the  specimens  of  Tr.  Icevis, 

Navidad,  Chile,  Santa  Cruz,  Patagonia. 


Trochus  l^evis. — PL  III.  figs.  46,  47. 

Trochus  testa  conicd y  IcBviy  anfractibus  subcequolibuSj  posticb  turgi' 
diusciiliSj  antice  tenuissimh  transversim  striafiSy  infra  suhconr 
caviSj  spiraliter  ten\iiter  striatis ;  aperturd  rhomhoidedy  ampjdo 
externo  acuto ;  umbilico  inediocriy  inius  kevissimo,  lahio  interno 
suhincrassato  :  long.  1'3 ;  lat,  2*,  poll. 

The  remains  of  the  pearly  inner  coats  are  beautifully  iridescent 
in  this  species ;  the  outer  surface  is  dull. 

Navidad,  Chile. 
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■MMiUm   T.  rmimi/tru  of  DiufcaTiM ; 

Port  Donbe,  PktaganU :  a»d  fayeati  at  SnvU,  Chile. 

Ti7BnmX4  AXBCXtCBCS.— Fl  nL  fig.  4A. 

TurrilfUa  littd  tiangato^tarnta,  anfractSmt  dtcem,  tpiralUer  tri- 
ciittalu,  po^etiarum  cof>vi  aquaUbm,  mUerionim  cottd  untied 
pottiiyiique  jruijorAut,  intermedia  mittari:  aUurd  inmiaimpro- 

fundum  potitd, 

A  very  remarksble  spt^^ies,  -which  somewhat  Tesemhlee  n  re- 
cent one  in  mv  pweennon  ;  the  two  may  however  he  eaaJv  distin- 
gtii«lieil.  In  tbe  recent  Rj.Bcies  ibe  two  spiral  ridges  are  much 
neftTer  to  ea«h  other  than  they  are  in  thefoeal;  and  the  apiral 
ffTMiTe  nt  the  xutureis  mucli  deeper  and  narrower  in  the  foenl  than 
in  the  recent. 

Santa  Cruz  and  San  Juliaa,  Patagonia. 

TCRMIZUA  C'HILESen,— PI.  IV.  fig.  5]. 

Turritflln   triild    etoni/aio-turrild,    anfractibut   decna,   renlricotit, 

npiralilw  tricoiliilii,  cos/it  grimuiuti',  intemiedid  mnjori,  mUura 
tn  tulcum  potitd. 

Nearly  related  to  Tuiritetla  cimruUita  (Sowb.  '  Tank.  Cat.') ;  it 
i*  ovon  questionable  wlietber  it  mij-'ht  not  be  regarded  as  n  varietv 
of  that  specipH,  nlong  with  T.  I'afaijonicit  and  T.  ambulncruiii. 
In  deferenfo  to  the  opinion  of  D'Orbijmy,  who  has  suggested  the 
nam'',  I  bnve  l.een  indiired  to  descriW  it.  The  principal  differ- 
eiiiv  l.i'iivccn  thiH  nnd  T.  ciiii/uhta  are,  the  form  of  the  volutions, 
whii  li  in  Ihis  nre  venlrirnso ;  ibo  absence  of  narrow  intermediate 
ridp-H ;  nnd  the  giiiater  de)ith  of  the  groove  in  which  the  aubite 
ii  [ilac'eil.  l''i'oin  T.  iimhvlacriiiii  it  ditfers  principally  in  the  cii- 
ts  of  tlio  central  rib  being  the  moDt  prominent,  ivhile  in 
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T,  ambulacrum  it  is  the  least  prominent.  The  rihs  in  the  latter 
species  are  but  slightly  granoee,  and  the  groove  at  the  suture  is 
deeper. 

Huafo  and  Mocha  Islands,  coast  of  Ohile. 


TURRITELLA  SUTUKAXIB.—Pl.  HI.  fig.  50. 

TurriteUa  testd  tunitd,  tenuiter  transversim  striatd,  anfractibuB 
9-10,  mUurd  validd  divisis,  aiUick  postic^qiietumidiuBcuMf  postici 
eminentiore. 

Fragments  alone  can  be  separated  from  the  hard  stone  in  which 
they  are  imbedded ;  it  has  therefore  been  impossible  to  give  the 
proportions. 

Nayidad,  Chile ;  and  Ypun  Island;  Ohonos  Archipelago. 


PlEUROTOMA  SUB-aEQITALIS. — ^PL  IV.  fig.  52. 

Pleurotoma  testd  oblonffd,  turritd,  utrdque  extremitate  acuminatd, 
anticd  breviori;  anfractihus  senisj  medio  cariniferisy  carind 
tuberculiferd  ;  ultimo  anfractu  carinis  quinque,  posticali  tuher» 
culiferd :  long,  06  ;  lot,  0-25. 

The  species  which  most  nearly  resemble  this  is  an  undescribed 
recent  species  from  S.  America :  this  fossil  species  differs  however 
from  the  recent  one  in  the  position  of  the  notch  in  the  outer  lip, 
which  in  the  fossil  corresponds  with  the  poterior  tuberculiferous 
carina,  while  in  the  recent  one  the  notch  is  placed  half  way  between 
the  posterior  tuberculiferous  carina  and  the  suture.  I'here  are 
other  marks  of  difference,  but  this  may  be  considered  sufficient,  as 
forming  at  once  a  distinct  criterion. 

Huafo  Island,  coast  of  Chile. 


Pleurotoma  turbinelloides. — PL  IV.  tig.  53. 

Pleurotoma  testd  oblonf/d,  subvenfricofdj  transversim  tenuisnmb  inuri- 
cato-striatdj  anfractibus  quinis,  ventncosiSj  infra  mediam  tuber • 
culatiSf  tuberciUis  acuminatiSy  ultimo  antich  lineis  quatuor  vel 
quinque  obsolete  tiiberculatis ;  canalibrcvi:  lotu/.l'S^j  lat,  0'82, 
poll. 

Very  different  from  any  other  known  Pleurotoma,  either  recent 
or  fossil ;  but  most  nearly  allied,  in  shape  particularly,  to  the  recent 
species  named  PL  imperialis  by  Lamarck. 

Navidad,  Chile, 


I 

I 
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Fmrwrnnu  twowk     T\  IT.  %.  Si. 

^J^n^iimiirfiirtM   fill  f»l« 

1-8;  liA 

AntMiMwydi  Ufmm  Mfeaanir  Rbttdto  FLrMmMM, 
■Um.  Acrik  11.1.69,11 1,1s,  IS  (KfaMi  of  tbr  Pww  Bmbi), 
■ad  wbkh  DMT  ptsli^  l«  nmlj'  •  iwietr  of  tltat  xfierieB.  In 
■latiui  «ad gaiCTal cfcOTcteisit  watrnibfc* it  TetydoaeJ^;  ttostiie 


Fnn  Bsacusn  ?— PL  IV.  fig.  S& 

A  ein^  Teiy  inip«rf«ct  ^>erima)  whkh  dibt  plobAUr  be  « 

Tftritly  'jf  this  species,  ll  L-  ctil  julEdeDtlv  complelc  to  allow  tif 
iti  beiiig  decided,  or  of  iu  chancteiB  being  giieu.  It  is  Dot  erren 
eeitain  that  it  belonge  to  the  genus.  M.  d'Orbignv  coneiden  it  u 
•  distinct  species. 

Nsridad,  Chile. 


FUBUB    FTBEXITOBMIB. — PI.  I\",  fig.  66. 

Futttt  trttd  turbinatd,  antici  ^ralitrr  gulcatd,  *pirS  nihdmttta- 
conied,  nidi ;  anfractibtu  3-4,  medio  tubtrculatia,  ttiiercuUt 
tramvfrmm  nUctdit,  m  cettta  tubdemrrentibut ;  canaU  rioM^mto, 

tranKerrim  lulcato. 

This  somewhat  reeemblee  the  Triton  clarator.  Lam.  (a  recent 
species),  in  fomi ;  its  epire  is  however  more  elevated,  and  its 
canal  short«r  in  proportiOD,  1  judge  it  to  le  a  Funu  from  tlie 
general  external  appearance,  but  cannot  be  quite  certain,  for  the 
stone  about  the  njouth  is  eo  much  indurated  that  it  cannot  b* 
cleared  awav. 

Navidad,  Chile. 


F\av»   Ifttd  ffitifoitni-ltirritd,    tranrcergim   ttriirtd,   gtriis  irregu- 

larilnit,   anfraetibu*   nmtm,  medio   /iibereuiatis,  prope  mUurat 

iuhadp>-esns ;   canati  mediocri    tubrfflexo:   loni/.    2'1,  lot.   1* 
poU. 


Appendix  to  Part  II.  617 

"  * 

The  shell  to  which  this  hears  the  greatest  resemhlance  is  a  fossil 
named  Fasciolaria  Burdtgaltmis^  Defr.  hy  De  Bastoret  in  the 
'  M^moires  de  la  Soc.  dIBist.  Nat.  de  Paris; '  in  our  shell  there  is, 
however,  no  appearance  of  ohlique  folds  on  the  anterior,  part  of  the 
columella,  consequently  it  is  generically  distinct ;  while  in  other 
respects  it  is  sumciently  different,  as  may  he  seen  hy  comparison. 
Its  spire  is  longer  in  proportion  to  the  last  Tolution,  and  its  canal 
shorter. 

Nayidad,  Chile. 

ff 

Fusus  NoACHnnjs. — ^Pl.  IV.  figs.  68,  50. 

Ftma  testd  ovato-fusiformi,  utrdque  subacuminatdy  (BquaU,  an- 
fractihus  guin^me  tpiraltter  aulcaiis,  avlctB  plerumque  seriatim 
pertusis ;  posttcis  Umgitudinaliter  obtusb  costatis ;  canaU  me- 
diocri,  aubascendente ;  8tUurd  diatinctd, 

A  species  which  hears  some  resemhlance  to  Fusus  NoeSf  Lam. ; 
still  it  IS  not  nearly  related  to  that  species.  In  shape  it  resemhles 
F,  lameUomSy  to  which  it  is  reaUy  related,  hut  it  is  quite  destitute 
of  the  lamellar  varices,  so  that  it  may  easily  he  distinguished. 

San  Julian,  Patagonia. 


Ftjsus  Patagokicus. — PI.  rv.  fig.  60. 

Fusus  testa  ovato-oblomgd,  tenuiusculdj  muUifariam  varicasd,  an" 
fractihus  postich  angtdatis;    varicibus  lamellxformibus,  anticb 
deflejcisy  posticb  acuminatis,  interstitiis    transrersim    sulcatis  ; 
aperturd  subcirculafif  canaii  breviusculo,  umhilico  valido. 

Nearly  related  to  Fusus  lamellosus  and  F.  Magellanicus,  and 
apparently  connecting  the  two. 


Ptbula  DI8TANS. — PL  IV.  fig.  Gl. 

Pyrnla  testa  Jicifonni^  tenuiusculdj  s^nrd  brevissimd  obtusdy  anfrac' 
tihus  qxuituor^  ultimo  maximo^  decussatim  striato,  et  cannatOy 
carinis  11 — 12,  distantibuSy  iionmilUs  intei'stitialibus  mtntts 
elevatis:  long.  1*8  j  lat.  l'2,poll. 

A  very  elegant  species  of  true  Pi/nila,  somewhat  resemhling 
P.  ntxilis  (a  tertiary  fossil)  in  general  appearance,  but  diftering 
from  that  species  in  its  proportions,  being  much  wider  in  com- 
parison witli  its  length,  and  having  a  much  shorter  spire. 

Navidad,  Chile. 
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SlKt'iniftlJIKIA  OBSASA.— PL  Vi.  fijT.  OS. 


4rnfmdd!  kmf.   07;  M.  0-4S, 

Thu  it  tim  ooIt  foMl  ipttica  of  thif  ran  gnms  I  hare  erst 
teeo-  CuU  of  «  1*1^  Twie^  Me  fooiid  IQ  ■  loose  daver  wnd- 
itQot:  at  l\>rt  8m  Jnliju.  M.  d'OrUgn;  cntertaiiiB  aove  ilituU 
•kiut  thia  beiiig  a  Btnilliiolaria. 

Santa  Gnu  and  San  Julian,  Patagonia. 

TEOOX  TERKVCULMCa. — PL  IV.  fig.  63. 


cottii  Iribtu  tvholnoletia  tubercuii/eru,  tuberruiu  cotta  poitiae 
owjoribui,  reliqxUarum  obsoUlis :  vancAut  raiidit,  triiiuiercuii- 
ferU:  long.  IG;  lot.  Kio,  poU. 

This  may  be  distingiuBhed   from    Triton  Uueottoma  (Ranella 

leacottOTTia,  Lam.),  tu  which  recent  species  it  'u  ni»?t  nearly 
related,  by  the  paucity  of  tubercles  formiog  the  poateiior  row,  as 
well  a*  l>y  the  stronglv  tubereulated  varices,  and  bv  its  being 
destitute  of  the  pita  which  are  so  distinct  behiud  the  Taricesintb^ 
species. 

Naridad,  Chile. 


TrITOS  lE17C03T0M0ri>K. — PI.  1%'.  fig.  Ot 

Triton  tesfii  ovafo-obtojtgd,  npird  ahtuiirl ;  anfractibta  seni»,  &vh- 
eenl rkimf  fpirrUiter  fiUcnta,  et  longitudinaltter  costnlu  :  varicxbiu 
fub-irreffiUaribut,  rotundatit,  tririunern'm  t^ikatit. 

This  species  resembles  Triion  lewxuloma  (lianeila  Uuco^oma, 
Lim.)  more  nearly  than  anv  other  species :  it  differs,  howeyer,  in 
the  fiill'>win^  particulars,  viz.,  in  its  general  form,  which  la  more 
oblong;  in  its  lon^tudinal  ribs,  which  arc  smaller  and  tnore 
nuraefons,  and  extend  nearlv  the  whole  length  of  each  volution; 
whereas  in  T.  leitrotfomn,  tSiey  are  little  more  than  elongated 
tuberclea  near  the  middle  of  the  whorls. 

Iluafii  Island,  coast  of  Chile. 
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OaBSIB  MOKnJFBB. — ^Pl.  IV.  fig.  65. 

Casgis  testd  subglobasd,  irantverdm  tenidter  ttriatd,  epird  eieva^ 
tiutculd,  anfractihus  seniSj  ultimo  gibboso,  serie  unicd  tvhen^ 
ctdorum  postich  nutmcto;  lahio  externa  tenunuciUo,  refkxoy 
mtus  Uevi ;  labio  columeUari  expanso,  lavi :  long,  1*5 ;  lot.  1% 
poU. 

A  second  row  of  small  tubercles  may  be  observed  occasionallj. 
I  know  of  no  species  to  which  this  is  nearly  related. 

Navidad,  Chile. 

MoNOCEBOs  AiCBieims. — PL  IV.  figs.  60,  Q7. 

MonoceroB  testd  tvhgkhosdj  cramusculd,  keviusculdj  apiraltter  obsolete 
costellatdj  aperturd  magnd,  labio  extemo  intHs  vncraMoto, 
umbilico  parvo,  angusto. 

A  ^gle  specimen  in  yery  bad  condition;  con^dered  by 
M.  d'Orbigny  as  closely  related  to,  but  not  identical  with,  the 
M,  cramlabrum  of  Lamarck. 

Ooquimbo,  Chile. 

Gastredium.^ — Novum  Genus, 

I  have  thought  it  necessarv  to  designate  this  singular  shell  by 
a  new  generic  name,  because  its  characters  are  such  as  will  not 
permits  its  imion  with  any  hitherto  established  genus.  The  shells 
to  which  it  appears  to  be  most  nearly  allied  have  hitherto  been 
arranged  with  Buccinumy  EbumOy  and  Fusus.  Such  is  the  Bucc. 
plumheum  of  Chemnitz  (which  Swainson  has  designated  by  the 
generic  name  of  Pseudoliva  '),  and  which,  to  avoid  the  necessity  of 
adding  to  the  number  of  generic  names,  I  had  united  to  the 
EburneB.^  Such  also  are  two  fossil  shells  described  and  figured  by 
Deshayes,  under  the  names  of  Buccinum  Tiara  and  B.Jissuratuin, 
One  shell  resembles  this  somewliat  in  form,  but  in  other  respects 
is  very  dift'erent,  and  this  has  been  placed  with  the  Bucciiia  in 
Wood's  *  Suppt./  and  with  the  Fusi  by  Gray.     The  characters  by 

'  From  yaffrplhiov,  veniriculus. 

^  This  niimo  of  Pseudoliva,  by  which  Swainson  has  designated  the 

Euccinum  plumbeum  of  Chemnitz,  and  which  has   been   adopted  by 

Gray,  is  evidently  untenable  and  absurd,  because  employed  to  describe 

an  imaginary  affinity  to  Oliva,  v/iich  does  nut  exist.     To  Eburna  and 

uccinum,  Lam.,  the  genus  is  nearly  related. 

*  Deshayes,  •  Coquilles  fossiles  des  environs  de  Paris,'  tom.  ii.  pp. 
(355,  656. 


whicli  tbia  mw  ^nii#  iiiajr  he  known  and  dWtiiif^tuhcii  from  ita 
■tlicd  geDera  are  fu  fullnw  : — 

tuturm    adprtttut;     a/mfuril     mtifnd,    tmati:    camiti   pa^ioc 
mgwto !  imtico  lalo,  rtJUm ;  labia  tJtmia  poUiei  iwrn— fn. 
atUiti  teaaiore,  dttUe  brtn,  nuleo  dortnli  iJoHn>,  propf  ' 
partrm  po*ilo :  laliio  colutnetlan  a  ' 


Oaktiiiuivii  Osfa.— Pt.  IV.  &ga.  m,  60.  ^M 

QaUriJium  lettd  crpaformi,  Usmgatii,  antici  iptraUtir  mieatd,  labU 
atemi  marffint  aniieo  a-auito :  hng.S'Si  laL  V7,potl. 

NnvidAd,  Clillu. 

TntXBUA  CMTSLLIJJL. — PI.  IV.  figB,  70, 7). 


dinalSna,  eieimtii ;  aperturd  columftUque  Itecffmt. 

The  number  of  volutionB  and  the  proportiona  cannot  be  given, 
for  tberi!  is  only  a  eingle  fragment  of  this  species. 
Nftiidad,  Chile. 


TerAra  IrMS  tUmgaio-turriid,  lai-iusmiiu,  Itneolu  undiUata  bmgi- 
tadinalibat  confertis,  potticit  forluiriinu,  ttctd ;  tmfraclAiu 
jUurimu,  police  tumidiiucviil,  lined  iiaprtud  tubobtoUtd,  nttdio 
tuiconcaviM ;  aperturd  mibrkoJiAoided,  coiumelld  tan. 

There  are  only  two  fragments  of'this  speciee,  it  is  obviouslj 
impo^ble  to  ascertain  the  number  of  volutions  or  the  pTopo> 


YOLVT/L    TRIPLICATA.— PI.  IV.  fig.  74. 

Voluln  tfsid  elon»ofo-oblonffd,  npird  attmuatd,  anfractibus  tenit 
»/>iralitfr  eonferlim  ttrtntU,  ad  tidnrai  adprruit,  deindt 
titbei-culatii,  tiiberciila  in  coiiat  anfice  decurrmtifiut :  aperturd 
Moniid,  Itnii/itudinem  Hpirtt  irqiiante  ,■  colwiielld  triplicald,  ptieil 
obliquis,  titlxeqiialibut :  loiiy.  ^'2-i ;  lat.  O'Q,  }>vll. 

This  speoien  is  placed  among  the  Voluitt,  because  the  poBtarioi 
or  upper  folds  on  the  colunieUa  are  rather  smaller  tii&ii  the 
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anterior;  it  nearly  resembles  in  general  appearance  the  fbaail 
Vohttaj  muricinaj  Lam.,  and  anffutta,  Desh.,  tnou^h  easily  distin- 
guishable from  both,  by  the  circumstance  9f  the  three  folds  on  the 
columella  being  very  nearly  equal  in  our  species,  whereas  in  the 
two  above  mentioned  the  posterior  folds  are  more  numerous  and 
all  very  much  smaller  than  the  anterior :  moreover,  the  posterior 
part  of  the  volutions  is  not  adpressed  in  either  of  those  species^ 
and  the  proportions  are  also  different. 

Navidad,  Ohile. 


VOLTTTA  ALTA. — ^Pl.  IV.  ^^,  75. 

VchUa  teatd  dofngato-^hUmgd^  gpird  attentuUdy  anfractilms^iemg 
ffrctciUbus,  spiraliter  etmferixm  gtriatiSf  prope  stUttraa  adpressii, 
demde  subventriams ;  t^pertwd  obhngdj  labio  extemo  craanon, 
nihrefiexo ;  cdumelld  Uevij  plicis  dudbvs  acutiuaculiafperobUquds  : 
long,  7*6 ;  lot,  2*75,  pcU,  circa. 

There  is  only  one  specimen  of  this  very  remarkable  shelli  of 
which  the  anterior  part  is  so  imperfect,  that  no  part  bf  the  inner 
lip  or  of  the  canal  is  to  be  seen,  consequently  the  proportions 
given  above  may  be  liable  to  a  slight  error.  The  species  is  nearer 
to  V,  Magellanica,  than  to  any  other  known  species;  it  may, 
however,  easily  be  distinguished  from  that  species  by  the 
characters  above  stated.  At  Santa  Oruz,  there  are  two  casts, 
apparently  belonging  to  this  species,  but  considered  by  M. 
d  Orbigny  as  different. 

'Navidad,  Ohile ;  Santa  Oruz,  Patagonia  P 


Oliva  dimidiata.— pi.  IV.  figs.  76,  77. 

Oliva  testa  oblonffo-ovatd,  spird  actunincttdy  apice  obtuso  ;  mifractilms 
senis,  tiltimo  lined  tenuissimd  transversini  dhnidiato ;  colwnelld 
anticb  plicis  quinque  obliquisy  posticd  majori :  long,  0*9 ;  lat. 
0-37,  poll. 

This  speciee  varies  in  its  proportions ;  it  differs  from  all  other 
recent  or  fossil  species  with  which  I  am  acquainted,  in  the  remark- 
able circumstance  of  its  having  a  broad  band  of  enamel  covering 
the  anterior  half  of  the  last  volution  above  or  behind  the 
columellar  band,  which  is  distinguished  from  the  posterior  part  of 
the  volution  by  a  very  fine  line,  behind  which  mav  be  seen  the 
longitudinal  linos  of  growth,  these  lines  being  hidden  on  the 
anterior  part  by  this  last  covering  of  enamel.  Th's  species  bears 
a  general  resemblance  to  O.  ispidulOf  a  common  recent  species. 

Navidad,  Chile. 


I 
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nt  u^t  u  IJ4W  iodi  ud  «  Oiird  in  l«a«tK  b  bUf  • 


_ _  iil«a^tlik,U 

indi  in  vidth  at  ju  suialW  eitmnnl y,  »iaA  ai-lcotlis  of  b 

its  \ttgi-T ;  while  in  its  tbickest  p«rt  tbe  afaeD  iUelf  is  013  of  u 

btch  tluck. 

KsTi-UJ,  Chile. 

DBruumt  BTLOonnL — PL  IL  fi;.  S. 


proporticiTU  canunt  be  ^Tcn ;  for  there  is  only  one  fnfr- 

mfiiL,  which  has  b.;..'n  lin.ken  nnii  ill..-  twi.>  j,i.;ce;  confemmiinAted 
by  the  sandetone  id  which  it  occurs. 
NaridAd,  Chile. 

DESIiUTK  MAJIJB. — PI.  EL  fig.  3. 

Dentaliiim  laid  tereti,  recltutnM.,  cottU  hmgitudinaUbiu  24,  a&ernw 

mqjorilm*,  intrrttitiw  rotundatii. 

Tho  proportionfl  of  this  speciea  cannot  be  given,  because  there 
are  only  some  frafrmenta-,  it  appears  to  be  one  of  the  larger 
species  of  tlie  genus,  probably  reaching  the  dimenriona  of 
n.  ifxangalfire  of  Dsahayes,  tab.  3,  fig.  4.  It  differs  from  that 
Kpecies  in  tlie  circumstance  of  its  never  having  only  wi  aiurles; 
and  it  differs  from  D.  eUphantinum  of  Deshayes  (which  Ihave 
elsewhere  proved  not  to  be  the  D.  elephantinum  of  Ijnmeus)  in 
being  less  rapidly  attenuated,  and  in  being  straighter. 
lluafo  Island,  coast  of  Chile. 


This  is  a  vcrj-  remarkable  as  well  as  a  very  variable  specie*. 
Its  parietal  valves  are  sometimes  smooth,  only  showing  the  tines 
of  growth,  and  sometimes  covered  with  obtuse  radiating  ribe;  and 
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the  species  belongs  to  that*  section  of  the  genus  which  has 
acuminated  and  soud  parietal  yalves.  But  the  most  variable  part, 
in  form,  is  the  basal  valTC.  It  is  to  be  observed  that  in  most,  if 
not  in  all,  the  species  of  this  genus  which  have  been  brought  from 
the  Southern  Hemisphere,  it  is  the  base  that  becomes  tubular 
whenever  any  accidental  circumstance  causes  the  shell  to  be 
elongated ;  whereas  in  the  elongated  and  clavate  varieties  of  our 
common  species,  it  is  the  parietal  valves  that  are  lengthened  and 
not  the  basal.  Thus,  with  resnect  to  the  present  species,  we  find 
that  when  any  number  of  individuals  are  placed  close  together 
when  very  young,  as  they  increase  they  form  a  group,  of  which 
the  basal  valves  grow  up  side  by  side  and  become  tubular,  without 
the  parietal  valves  changing  m  form ;  hence  in  some  specimens 
this  valve  is  concave  in  consequence  of  its  having  been  placed  upon 
a  convex  substance,  and  at  a  distance  £rom  each  other ;  while,  in 
others,  which  have  been  placed  very  closely  together  when  very 
voimg,  this  basal  valve  has  taken  a  more  or  less  deep  cup  shape, 
being  ver}'  small  at  its  lower  extremity  and  increasing  in  dimen- 
sions with  age* 

San  Julian,  Patagonia. 

BALANT7S  OoaUIKBENBIB. — ^Pl.  II.  ^^,  7. 

Balanus  testd  poli/morphd,  vaivis  lavUnUy  nonnunquam  radiatim 
strtatiSf  lateralibus  potticis  angustioribuB ;  apicibm  subtrtmcatis ; 
aperturd  parvuld. 

A  remarkable  fact  is  obsei-vable  in  the  specimens,  both  from 
the  upper  and  lower  parts  of  the  formation ;  I  have  selected  one 
from  tlie  upper  bed  as  showing  it  most  distinctly.  In  consequence 
of  numerous  individuals  being  closely  grouped  together,  each  one 
has  been  compelled  to  lengtnen  the  basal  valve,  so  as  to  form  a 
nearly  cylindrical  tube,  closed  at  the  lower  part,  and  gradually 
increasing-  as  it  ascends  imtil  it  joins  the  base  of  the  six  parietal 
valves :  this  increase  in  the  length  of  the  base  seems  to  have 
taken  place  more  rapidly  than  the  growth  of  the  animal  would 
permit.  A  portion  of  the  lower  part  of  this  basal  tube  has,  there- 
fore, been  tilled  up  with  cells  or  vesicles  separated  by  calcareous 
septa,  very  irregular  indeed,  but  which  would,  nevertheless, 
answer  the  purpose  of  supporting  the  base  of  the  animal  in 
the  tube,  so  as  to  enable  the  animal  to  continue  its  vital 
functions. 

Coquimbo,  Chile. 
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DESCBIPTIONS  OF  SECONDART  FOSSIL  SHELLS 
FROM  SOUTH  AMERICA. 

Bt  FnorBSA)!!  E.  FORBES,  F.K.S.,  &i^.  ^.  ^^J 


NAunms  D'ORniGfrr.urua.— PI.  V.  fig.  1.  (o)  1.  (6). 

filUfi  twnA-VM^  {probablj/  smooth  and  ttigMly  Hmbilieated  f).  SfoiM 
very  broad,  rma/onn.  Slaek  roundtd.  Suiwvt  bend  tuddftify 
toward*,  and  tiear  to,  Ute  umbilicui :  on  the  back  tknj  art  Ptry 

ttiijhltil  tiniudfd. 

This  specimen  is  very  imperfect,  Tha  form  of  the  chftmben 
resembles  tliat  seen  in  iViiu^t^iu  Sowerbyanut,  a  species  deacribed 
from  the  upper  greensond  b;  D'Orlugny.  The  geneial  form  mora 
nearlr  resembles  Nautilus  Uteigatu*  of  the  same  author,  a  species 
also  from  the  Orak  ddoriUt. 
Ooncepdon,  Ohile. 

HAKiTBa  EL&TiOB. — 0.  B.  Sowerby. 

Teitd  maynd,  cramjucuid,  Ian,  tubcyUndricd,  «mnuli$  elevatii, 
compicuw,  tubcon/ertii,  omatd;  exlremilattbut  invicem  propi 
admotit. 

This  is  the  largest  Hamite  I  have  seen ;  it  is  nearl  j  cjlindrical, 
and  its  largfest  diameter  is  2^  inches,  its  smaller  being  2i.  There 
are  two  specimens,  one  of  which  is  much  lar^r  than  the  other. 
Tlio  smaller  shows  clearly  the  near  approximation  of  the  two 
extreraities.  The  specimens  have  been  lost  Moce  Mr.  Darwin's 
return  to  England,  and  so  cannot  be  figured. 
Port  Famine,  Tiarra  del  Fuego. 

Perna  Americana.— pi.  V.  figs.  4,  6,  6, 

S/icll  lanrelal.et  ventrkote,  carinatfd,  compreued  ill  Ihe  cardinal 
ivffion,  abruptli)  truncate,  eoncnve  at  the  opposite  side,  to  that  tht 
seclioH  of  the  ttro  valves  it  triangular  and  somewhat  cordate. 
The  tulcatiottt  of  the  hinge  are  large,  nmnrroui,  and  regtttar. 
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Th€  swface  of  the  tihtU  tqfpean  to  have  been  comeentrieally, 
though  trregularly,  striated. 

The  specimen  consists  of  the  cardinal  and  apical  portions  of 
two  unitea  valves. 

Oopiapo,  Ohile. 

AflTABTB  DABwnrn.— PI.  V.  figs.  22,  23. 

Shell  broadly  ovate,  much  compressed,  marked  ioith  rather  distflnt, 
regular  concentric  ridges;  the  interstices  broad  and  concentri- 
caMy  striate:  anal  and  oral  extremities  nearly  eqiudly  broad; 
breaks  very  obtus. 

Breadth,  1^ ;  length,  f|;  thickness,  ^ofan  inch, 

Ooplapoy  Ohile. 


Gbtphjsa  DAJtwnrn. — ^PI.  V.  fig.  7. 

Lower  valves  very  tumid,  elongated,  arcuated,  laterally  confessed, 
and  much  incurved  at  the  rostral  extremity  i  its  surface  wndvr- 
lated  by  distant  distinct  sinuous  furrows,  marked  with  lesser 
sulcations  or  striatians.  Upper  valve  concave,  spatulate,  and 
concentrically  furrowed, 

Lmgth,  ¥;  breadth,  2 ;  di>,Unu»  Jhm  mm«Ut  of  heak  to 
lowermost  ana  central  part  of  lower  valve,  2^  inches. 

OopiapO;  Ohile. 

GKTPHiEA  Nov.  Sp.  ?— PI.  V.  figs.  8,  9. 

Loioer  valve  not  very  convex,  rugged,  angidated ;  upper  voJvi  concave, 
orbicular,  fun'owed  vnth  deep  concentric  sulcations,  Appai'ently 
a  young  specimen. 

Length,  \\ ;  breadth^  2^^ ;  thickness  -^  of  an  inch, 

Oopiapo,  Ohile.  • 

LuciNA  Americana. — PL  V.  fig.  24. 

Shell  orbicular,  much  depressed,  the  surface  rough,  with  sharp,  re- 
gular, elevated,  distant,  concentric  ridges  {about  twenty^Jive  on 
specimen  examined)  ;  the  interstices  are  striated  concentrically. 
Length,  \{^',  breadth,  the  same;  thickness,  ~  of  an  inch. 

In  shape  this  species  resembles  the  recent  Lucina  radula, 

Iquiqiie,  Southern  Peru. 

SS 


LrcwA  KICB5TBIC1.— G.  B.  Sowceh,  PL  V,  %.  31 . 


I 


"fifi  mhoeali,  Irrit^  ntofuit^iln,  Ian',  Bmimu  admta,  pa^ad 
^|iga  pro/uiuh  tA  unAont  ad  maryinnn  itiffntm  puttiMm  it- 
HMPwtfo  in  i^tri  raled,  irmit  prvfmdo  m  dta4 :  Itmg.  14: 
^^  I-i  alLS-poO. 

>  Lufiaa  CUUtmi,  thm  two  valvoi  an  MM«whu  n»iwj— 1. 

vetimtm  the  n^ttt,  wMnetiniiM  tb>  Mt,  rah*  ii  tb«  Ismr. 
Tb*  pMUrior  dmol  graoreid  dmr*  Uw  ajmaad  ^Hfv  ttaa 
in  Lmema  Prmu^vmioa,  tmA  Ae  whole  MeD  k  nwdi  lew 
otWniUr.    The  pnwoit  fpeoac  ma;  be  t«faid«d  m  (iUii|ii^  mb- 

OT&L 

Port  FMnin*,  TWm  del  Ftacgo. 


SnatTEB  Chilsssib. — PI.  V.  fik-s  15.  16. 

Mftf  ml-orhiMn-:  r,.mi.l.  Tiw«J  r-./ir  ./-j-r  f*.m  M^  f-n/m/; 
cardinal  area  ihorter  fJian  the  tranicrrse  diameter  of  tike  value, 
Iriimffular,  etmcave,  bound  by  atigulaled  niaryiTU.  Ferfora/toH 
laneoatatiy-lriangalar.  Centre  of  the  doriat  txUre  wiih  a  rather 
deep  and  broad  mnut,  which,  a*  Kell  a*  the  tide,  it  furrowed  and 
ribbed.  Jtiht  timplr  (about  tKenty-tix,  of  ichieh  /our  beioug  to 
the  tintit),  befoiiiinff  ebtaUtt  toioardt  tAe  anglet  of  the  cardinal 
area,  craned  bt/  ttroju/ly  marked  nnuoiu  line*  of  grcwth.  Beak 
rery  /mimineiii  and  tomewhat  incurved.  DonaJ  ratfre  ribbed 
like  the  ventral,  four  of  ilie  rib*  being  upon  the  rounded  but  toeli- 
drjinedmaial  ridge.  FronttU  margin  of  both  lalm  ilij/hllif  ^gut- 
There  lire  two  rarietiei  cf  thit  $hell,  the  one  much  more  tumid 
thoa  the  other, 

Dimetuionl  of  largest  ntecitnm :  breadth,  1^ ;  breadth  of 
cardinal  line,  l/j  ;  length  of  dortal  voire,  \-^^;  of  wnlrol  videe, 
1  inch  ;  IhicknJu  of  united  valoei,  ^ofan  inch. 


Tliis  Ithell  noftrly  rerembles  i 
epirifere.  It  is  alxo  related  to  » 
Wokolii. 

Cordillera  of  Guaeco,  Cliile. 


vent]  CHrbonireroiiB  limestone 
ne  liattif  epeeits,  as  f^rifer 


Sfibifer  LiNODiFEBomEi.— pi.  v.  figs.  17, 18. 


fSieU  orhi'iilar,  globone,  mrface  iinooth,  nndulaled  towardt  the  mar- 
,    where    there  are  alio  a  few  tirong  trami-ette  furrowt  of 
Valiin  tforly  equal.     t'roiUal  margine  not  projecting, 
n  of  dortal  valce  shallow,  lanceolate. 


growth. 

bitinuated.     Metial  fur. 
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hut  well  d^inedf  as  is  also  the  mesial  ridge  of  the  vertral.    Area 
not  visible  in  specimens  examined. 

Breadth,  1|;  length  nearly  the  same;  thickness,  Ij^  of  an 
inch. 

Very  near  Spirifer  Ungvifera  of  Phillips  (a  carboniferous  lime- 
stone fossil)^  but  probably  distinct. 


Rio  Claro,  Valley  of  Coquimbo,  Chile. 


Terebkatula  inca. — ^Pl.  V.  figs.  19,  20. 

SheU  orbicular y  dressed,  surface  cbsoletdy  striated  concentrically ; 
the  furrows  of  growth  becoming  more  strongly  marked  towards 
the  margin.  Dorsal  valve  most  convex,  Prontal  margin  ab- 
solutely bisinuated,  and  in  young  specimens  slightly  truncate. 
Beak  of  dorsal  valve  very  prominent  and  incurved,  obtusely 
angled  at  the  sides,  terminating  in  a  (small  f)  perforation.  Area 
very  small  but  distinct. 

Length  of  dorsal  valve,  1^;  breadth,  \~of  an  inch;  thick- 
ness, 1  inch, 

Iquique,  Southern  Peru. 
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ABEL 

ABEL,  M.,  on  calcareous  casta  at 
the  Cape  of  Good  Hope,  163 
Abich  on  a  new  yariety  of  feldspar, 

470 
Abingdon  Island,  118 
Abromos  Islands,  425  " 

—  incrustation  on,  38 

Absence  of  recent  formations  on  the 
S.  American  coasts,  414 

Acosta  on  an  earthquake-ware,  472 

Aeriform  explosions  at  Ascension,  45 

Agiierros  on  eleyation  of  Imperial, 
236 

Albatross,  driven  from  St.  Helena, 
103 

Albemarle  Island,  117 

Albite  at  the  Gkilapagos  Archi- 
pelago, 118 

—  constituent  mineral  in  andesite, 
478 

—  in  rocks  of  T.  del  Fuego,  445 

—  in  porphyries,  474 

—  crystals  of,  with  orthite,  470 
Alison,  Mr.,  on   elevation  of  Val- 
paraiso, 239,  244 

Alumina,  sulphate  of,  553 
Ammonites  from  Concepcion,  399, 

407 
Amolanas,  Las,  550 
Amygdaloidal  cells,  half  filled,  31 
Amygdaloid,  curious  varieties  of,  474 
Amygdaloids,  calcareous  origin  of,  18 

—  of  the  Uspallata  pjinge,  522 

—  of  Copiapo,  567 
Andesite  of  Chile,  478 

—  in  the  valley  of  Maypn,  483,  485 


BAHIA 

Andesite  of  the  Cnmbre  Pass,  502, 
513 

—  of  the  Uspallata  range,  629 

—  of  Los  Homos,  538 

—  of  Copiapo,  551,  557i  567 
Anhydrite,  concretions  of,  486, 500 
Arancaria,  silicifiedwoodof,  391, 527 
Arica,  elevation  of,  265 
Arqneros,  mines  of,  540 
Ascension,  40 

—  arborescent  incrustiation  on  rocks 
o^»38,^./r^  ^-^    ^  ^  '/ 

—  absence  of  dikes,  fireedom  from 
volcanic  action,  and  state  of  lavii- 
streams,  105 

—  gypsnm  deposited  on,  273 

—  laminated  volcanic  rocks  of,  466, 
460 

Aseidia,  extinction  of,  150 
Atlantic  Ocean,  new  volcanic  focus 

in,  104 
Au^ite  fused,  125 

—  in  fragments,  in  gneiss,  423 

—  "with  albite,  in  lava,  480 
Austen,  Mr.  B.  A.  C,  on  bent  cleav- 
age lamina,  457 

Austin,  Capt.,  on  sea-bottom,  230 
Australia,  146 

—  foliated  rocks  of,  464 

Azara  labiata,  beds  of,  at  San  Pedro, 

191,  316 
Azores,  28,  141 

"DACULITES  vagina.,  400,  407 
-^   Bahia  Blanca,  elevation  of,  193 

—  formations  near,  321 


i 


Babia  BIoiKa,  character  of  liring 

■hell*  of.  «U 
BibM  iBaml),  dike*  U.  139 


BaU  Head.  161 

BaUanl.  H..  oa  the  predpit&iioD  or 

vnlpbaM  of  K>da.  3)0 
Bajida  Oricnuit,  tertiarj  fnrmalioiia 

of,  337 
—  WT""!!'""  rocks  oC  428 
BankiiCovr.  IIT,  121 
Banadta  aboTS  eea-leFel.  238,  2i6 


San,  The, 

Baw^i.  spaaA:  grarily  of,  136 

—  ofS.  Cmz.  38t 

—  BlraaniB  of,  in  the  Portillorai^, 

—  in  llic  UepullaU  range,  521 
Btuishii;   i^oiut  moanuioa    at    St. 

Jago,  2\ 

—  at  Mauritius,  35  I 

—  at  Si.  Helena.  SI 
Baaio  i^haina  of  Cbile,  233 
Bea£l«  Ctunoel,  416.  ISO 
Be^uni'mt,  Elio  de,   on    lamuLitiMi 

dikes,  7D 

—  on    incliontioD  of  laTH-Btreams. 
106,  334,  497 

—  on  dikes  indicaliiU!  tIeTnliun,  107 

—  oncircnlarEubsideDceeiiilBva.llG 

—  on  risicid  quartz-rock,  .^19 
Beech-tree,  leaves  of  fowil.  386 
Jleerbey,  Capt.,  on  Boo-I -ottom,  225 
BelchpT,  Lient..  on  eteriited  ijiclli 

from  Coru'L-pcioa.  238 
B«IU  Vima,  pljiin  of,  270 
Bf  nza,  Dr.,  on  dcmmposud  gnuiite, 

427 
Bennacla,  calcareoUH  meks  of,  IS!!, 


Blake^  Ur...oD  The  deea^orel 
eheU«  near  Iijnique,  365 

—  on  nilralr  of  «uda,  305 
BoLe,  136.  474 
Btdlant,  Mr.,  on  dUdhi  of 

317 
Elombi.  volmnif.  ii,  6H 
Bonea,  Eilicitjed.  4U3 

—  fossil.  ^Ksh  couditiun  of.  339 
Boiy.ia.  Vincent,  on  1 
BoKoin«f(eaofl'PaUkgoaia.3I4,S_. 
BoagainvJIIe.    on    elpr&tiOD    of  thv^' 

F'lIkUn'l  IslHDiti,  210 
Bouliier  foRnAtion  of  S.  Cnu,  203, 
219 

—  of  Falkland  lalandR,  SIO 

—  autenor  to  witaiD  eitiiict  qoid- 
rnpcdt,  34S 

of  T.  del  Fnego,  385 
Bouldery,  alienee  in  Anstmlta  unA 
(he  Cape  of  Good  liopr,  170 

—  cf  greenstone  in  N«w Zealand,  i  "0 

—  in  the  Cordiliem,  294,  29S 

—  tnuupoctedbjetulhquake-vaTes, 
301 

—  in  fine-gntinod  tortianr  depoeili. 
401 

Bninde,  Mr.,  on  a  mineral  opting. 


dina 


a,  261 


Brazil,  fllevulion  at,  193 

—  crystalline  rocks  of.  422,  429 
Brewster,    Sir  D„    on    a   calcaTco- 

snimal  mtHtance,  62 

—  on  docomposed  glass.  148 
Broderip  Mr.,   on    elerated   ahellE 

from  CoucepcioQ,  238 
Bmwn.  Mr.  R..  on  spho>mlitic  Lo- 
diPS  in  slliriSod  Tood,  70 

—  on    eitinct    plants    fivm     Van 
Diaraea'g  LuDd.  157 

—  on  Bilicifieil  wood  of  Uspallata 
mnga.  537 

—  on  siliclSpd  wood,  .iG3 
Bncnleioa,  eluralnd  tholls  near,  23S 
Buch,  Vun,  on  obsidinn  elrmma,  73 

—  on  Ijiminated  lava,  75 

—  on  siiperfidal  caleBTBOUB  beds  in 
the  Canarj  lelands,  100 
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BUOH 

Bnch,  VoD,  on  cavemons  lava,  116 

—  on  olivine  in  basalt,  118 

—  on  crystals  sinking  in  obsidian, 
132 

—  on  central  volcano,  143 

—  on  cleavage,  464 

—  on  cretaceous  fossils  of  the  Cor- 
diUera,491,  511 

—  on  the  sulphureous  volcanos  of 
Java,  687 

BucDOS  A3rres,  315 

Burchell,  Mr.,  on  elevated  shells  of 

Brazil,  193 
Byron  on  elevated  shells,  232 


CAOHAPUAL,  boulders  in  vaUey 
of,  293, 296 
Caldclcugh,  Mr.,    on   elevation    of 
Coquimbo,  251 

—  on  rocks  of  the  Portillo  range, 
495 

Gallao,  elevation  near,  266 
—old  town  of,  272 
Calcareous  deposit  at  St.  Jago,  affec- 
ted by  heat,  5-9 

—  fibrous     matter,    entangled     in 
streaks  in  scorise,  15 

—  freestone  at  Ascension,  56 

—  incrustations  at  Ascension,  58 

—  sandstone  at  St.  Helena,  98 

—  superficial  beds  at  King  George's 
Sound,  161 

Capo  of  Good  llope,  166 

—  motamorphic  rooks  of,  465 
Carbonic  acid,  expulsion  of,  by  heat, 

9,  18 
Carcharias  megalodon^  403 
Carraichael,  Capt.,  on  glossy  coat- 
ings to  dikes,  87 
Carpenter  Dr.,  on  microscopic  or- 
ganisms, 314 
Castro  (Chiloe),  beds  near,  390 
Casts,  calcareous,  of  branches.  163 
Cauquenes  Baths,  boulders  near,  293, 
297 

—  pebbles  in  porphyry  near.  472 

—  volcanic  formation  near,  480 

—  stratification  near,  483 

Caves  above    sea- level,    233,    239, 
264 


CLEAl^GB 

Certthium  (fossil),  171 
Cervus  pumiliSt  fossil  homs  of,  235 
Chalcedonic  nodules,  157 
Chalcedony  in  basalt  and  in  silicified , 

wood  54 
Chatham  Island,  111,  119,  ISO,  141, 

160 
Chevalier,  M.,    on  elevation  near 

Lima,  266 
Chile,  elevation  of  coast,  235 

—  structure  of  country  between  the 
Cordillera  and  the  Pacific,  288 

—  tertiary  formations  of,  390 

—  crystalline  rocks  in,  459 

—  central,  geology  of  471 

—  northern,  geology  of,  536 
Chiloe,  gravel  on  coast,  217 

—  elevation  of,  233 

—  tertiary  formation  of,  390,  407 

—  crystalline  rocks  of,  456 
Chlorite^schist,  near  M.  Video,  431 
Chlorophseite,  156 

Chonos  Archipelago,  tertiary  forma- 
tions of,  380 

—  crystalline  rocks  of,  450 
Chupat  Rio,  scoriae  transported  by, 

194 
Clarke,   Rev.   W.,  on  the  Cape  of 

Good  Hope,  159,  166 
Claro  Rio,  fossiliferous  beds  of,  546 
Clay  shale  of  Los  Hornos,  537 
Clayslate,    its    decomposition     and 

junction  with  granite,  at  the  Cape 

of  Good  Hope,  167 

—  formation  of,  T.  del  Fucgo,  441 

—  of  Concepcion,  457 

—  fel-spathic,  of  Chile,  471,  475,  482 

—  felspathic.of  the  Uspallata  range, 
517,520 

—  black  siliceous,  band  of,  in  por- 
phyritic  fonnations  of  Chile,  477 

Claystone-porphyry,  formation  of,  in 
Chile,  472 

—  orifjin  of,  477 

—  eruptive  sources  of,  575 
Cleavage,   of  clayslate   in   Austra- 
lia. 147 

—  definition  of,  424 

—  at  Bahia,  425 

—  Rio  de  Janeiro,  245 

—  Maldonado,  429 


—  a  Ctoitn-gD^rv,  114 

—  Fslkland  t.  MO 
^  T.  del  Foego,  **7 

—  Chonoa  I..  439 

—  CUIoe,  459 

—  CoDciiprloD.  468 

—  Chile.  468 

—  dUcswioti  oa.  460 
Cleflva^e-crom,  ia  aaadat/iae,  134 
ClwrKgo-lsniiaii;  eapcrficially  bent, 

467 
CUfia,  feRDfttioD  of.  228 
Climnte.  late  i-hungea  tn.  303 

—  'it  Chile  dnriog  tertiaiy  period, 
1               413 

I  Coal,  of  ConnpcioD.  S9S 

'  —».  Loretuo,  679 

Cout-deaDdBtioii  of  St.  Heleiu,  104 

Gubljii.  elevation  <,(.  264 

Cochlii.-opa  (f.«=il),  174 

Coehlogam  aurii  valpina,  101.  171 

Col[Kiibi&,  cri-(aeeotis  fnrauCiun  of, 
67S 

Colonia  del  SacramiDDto.   elaTstion 
of,  190 

— Fampeaii  formatioQ  ncur,  321 

Cobisdo.  Rio,  grarel  of.  219 

—  BHnd-duQcs  of,  19d,  SIS 

—  FatDpesD  formstiun  near,  331 
Columnar  lomlt,  13 
Combarbals,  63  S,  538 

Comptea  Baodus,  necoiint  of  volcanic 

phenomena  in  the  Atlnntic,  lUS 
Cooeopcion.  earthquake  of.  145 

—  elorationuf,  236 

—  deposits  of,  898,  407 

—  CTTstallino  rocks  of.  4S7 
Conchali'e,  (,TiiTcI-ti'rrflCflN  of,  247 
Concretion!)  in  toff.  Hi 

—  in  aqueous  and   ianeong   roclu 
corapared,  6D 

—  ofoWlisn,  69,  73 

—  of  gypHQin.  al  Iquique,  303 

—  in  sandstone  at  8.  Cruz.  378 

—  in  tnfaccous.  luff  of  Chil™,  378 

—  in  fmtiiHfl,  423 
B-porplijiy  (tt    Port 


—  of  anhydrite,  4SA 

—  reklioiu  o£  to  rein 
Oanglomente,  rMcnt,  at  3t~  iwM 

26 

—  elaystone  of  Chile.  472,  477 

—  of  Teanjan.  492.  499.  633 

—  of  iha  Cnmbra  Pass,  606.  SIS 

—  of  Eio  Claru.  646 

—  of  Cupi^n,  661.  667 
Cook.  Capt.,  on  fuim  of  sea- 

227 
Cnpiapo.  eleration  of,  268 

—  t»rtiury  fonnalionc  'rf.  408 

—  ucondarjr  Cbrmationa  of,  6S3 
Copper  snlpbata  of,  963 

—  nalire,  at  Aiqueroa,  Ml 

—  mioM  of,  St  Fanuncitlo.  638 

—  VfinR.  diBtribntion  of.  hid 
Coquimlio,  ourii.n.'  ri«'k  of.  162 

—  olfVatiOQ  and  tcrniais  of.  248 
Coquiinbo,   (ertiarf  formations   of, 

402 

—  flecondsry  formations  of,  940 
Corallines  living  on  pnbblea.  226 
Corals,   toBsil,  from  Tan  Dieni«n'a 

Land.  16.5,  178 
Cordillera,     vallojs    bordered     hj 

grsTel  frbges,  'JS9 
—basil,  strata  of,  472 

—  fossils  of,  491,  612.  547,  550,  560, 
678 

—  eUration  of.  472.  601,  628.531, 
671.  576.  680,  .593.  602 

—  KTprooua  formalions  of.  485, 489, 
601.  S09,  636,  643.  642,  667,  477 

—  clajstone-porphyries  of,  47 1 

—  andesitio  rocks  of,  478 

—  volcanos  of.  4S0.  691,  601 
CoRte,ld:.,OBelevBlioDofLemus,232 
Coy  inlet,  tertiary  funnntion  of,  384 
Cniler,   gfent.   cenlcal    one   at  SL 

Helena.  92 
' —  internal  U'dges  ronnd,  nnd  pnm- 
petoi    "" 


Dexii 


,437 


Cooeieiions.ingnti^ 


Index. 


633 


CRATERS 

Graters,  form   of,   affected  by  the 
trade-wind,  41 

—  of  eleration,  106 

—  of  tnff  at  the  Galapagos  Archi- 
pelago, 111,  113,  119,  121 

—  small,  at  the  Galapagos  Arehi- 
pelajg^o,  115 

—  their  breached  state,  127 
CrauateUa  lAfdUi,  387 
Cmickshaiiks,    Mr.,    on    elevation 

near  Lima,  273 
Crystallisation  favoured  by  space,  78 
Crystals  of  feldspar,  gradual  forma- 
tion of,  at  Port  Desire,  487 
CucuUcMiy  387 

Cumbre,  Pass  of,  in  Cordillera,  502 
Cuming,    Mr.,  on    habits    of    the 
Mesodesma,  244 

—  on  range  of  living  sheUs  on  west 
coast,  410,  411 


DANA,  Mr.,  on  foliated  rocks,  465 
—  on  amygdaloids,  474 
Dartigues,  Mr.,  on  sphserulites,  71 
Darwin,  Mount,  445 
Daubeny,  Dr.,  on  a  basin-formed 
island,  122 

—  on  fragments  in  trachyte,  60 
D'Aubuisson,  on  the  composition  of 

obsidian,  70 

—  on  the  lamination  of  clayslate,  76 

—  on  hills  of  phonolite,  98 

—  on  concretions,  395 

—  on  foliated  rocks,  466 

Decay,  gradual,  of  upraised   shells, 

260,  267,  273  > 

Decomposition  of  granite  rocks,  421 

Do  la  Becho,  Sir  H.,  on  magnesia  in 

eruptive  lime,  14 

—  on  specific  gravity  of  lime8tones,57 

—  his  theoretical  researches  on  geo- 
logy, 225 

—  on  the  action  of  salt  on  calca- 
reous rocks,  273 

—  on  bent  cleavage-laminae,  457 
Denudation  of  coast  at  St.  Helena, 

104 

—  on  coast  of  Patagonia,  214,  228, 
415 

—  great-powers  of,  415 


d'orbignt 

Denudation,  of  the  Portillo  range, 

496,  500 
Deposits,  saline,  302 
Despoblado,  valley  of,  564, 566, 570 
Detritus,  nature  of,  in  Cordillera, 

292 
Devonshire,  bent  cleavage  in,  457 
Diana's  Peak,  St  Helena,  98 
Dieifenbach,  Dr.,  on  the  Chatham 

Islands,  160 
Dikes,  truncated  on  central  crateri- 

form  ridge  of  St.  Helena,  93 

—  at  St.  Helena ;  number  of;  coated 
by  a  glossy  layer;  uniform  thick- 
ness of,  87 

—  great  parallel  ones  at  St.  Helena, 
97 

—  remnants  of,  extending  far  into 
sea  round  St.  Helena,  104 

—  not  observed  at  Ascension,  105 

—  of  tuff,  114 

—  of  trap,  in  the  plutonic  series,  139 

—  in  gneiss  of  Brazil,  423,  429 

—  near  Kio  de  Janeiro,  428 

—  pseudo-,  at  Port  Desire,  439 

—  m  T.  del  Fuego,  448 

—  in  Chonos  Archipelago,  con- 
taining quartz,  455 

—  near  Concepcion,  with  quartz,  468 

—  granitic- porphyritic,  at  Valpa- 
raiso, 459 

—  rarely  vesicular  in  Cordillera, 
480 

—  absent  in  the  central  ridges  of 
the  Portillo  Pass,  489 

—  of  the  Portillo  range,  with  grains 
of  quartz,  496 

—  intersecting  each  other  often,  613 

—  numerous  at  Copiapo,  567 
Dislocations  at  Ascension,  46 

—  at  St.  Helena,  89 
Distrilution  of  volcanic  islands,  140 
Doliraieu  on  decomposed  trachyte, 

29 

—  on  obsidian,  72,  73 

—  on  laminate<l  lava,  76,  77 
Domeyko,  M.,  on  the  silver  mines, 

of  Cr>quimlx),  641 

—  on  the  fossils  of  Coquimbo,  648 
D'Orbigny,  M.  A.,  on  upraised  shells 

of  Monto  Video,  190 


I  D'Otbignj.  oneUvMod  ahellaatSt. 

I  Pedro,  191 

"  —  on  elsvalecl  shelln  dHir  B.  Aytet, 

193 

—  CO  elerniion  of  8.  Blw.  19S 

—  un  Uie  ■a.ldvD  alcnkllan   of  La 
Plata,  316 

—  riiie]«vDtul«h«lla  near  Colnja,  204 

—  on  elevftUtl  nhcllatj  oar  Arte*.  2S5 

—  on  Ihe  rliiiintu  of  Prru,  '268 

—  on  Halt  donuniUi  of  Cub1j»,  SOS 

—  on  cryrtalB  of  CTI*'"'  '"  •'''" 
Iftkes.  SI  I) 

I  — an    AbMDfK   <>r  Kypaam    in   the 

!  Panipwlii  forninli..|j.  817 

^  — on   luHLJ    ronuuiu    from   B«luit 

If  Binnm,  327.  329 

Ij  —  on  foMiil  ram«liii<  tttim  the  li«nka 

of  tbe  Parana.  SS3 

—  aa  ths  ^ftoloB'  of  .-Jt,  Fi.  3Si 

—  m  Ih,'  "i.u-L>  ..f  I'anipcnii  fomis- 
tioD.  341,  :ja6 

—  on  Iho  JkiiKlodon  Andiunt,  362 

—  on  the  gi'Ulogy  ol'  tlie  Rio  Negro, 
370 

—  on  the  I'hnrnrler  of  Palngoo'uui 
fos'.iU,  38U 

—  on  fw=il>  from  Oiniftippion,  400 

—  on  faa.-.il.H  from  L'ljqnimbo,  405 

—  on  foBsil"  fmi'i  Piiyln.  406 

—  on  fos.-!!  t.Tli^ir;  shvlh  of  Chilp. 


DaWnciy.  .11,.  on  the  compoaitii 
thrtllrfnceof  civtnmlavu-stFt 
73,  138 

—  on  tlio  iuuliimtioa  of  lnff-sl 


EARTU,  mpiriiio  oricin  of.  234, 241 
EaHhirimin-,  fotwil,  270 
Eftrthqnnk''.ffli'rti,r,m.S.Mtirill.2]8 


?.  260 


abaltciring  «iii^ 


rkby,  269 

—  probable  uffecla  on  clouTigc,  ^69 
Earthqnakeia  in  I^unptw.  211 
Earthquake- war M.    powrr    of,    in 

throiring  up  *h«!li,  214 

—  (iffectH  of,  aaa  Linui,  273 

—  puwvr  o[,  in  tnnsporting  Uml- 
dan,  301 

£dRionat«n.  Mr.,  on  doptbi  al  vbich 

ahelJa  Utb  at  VnlfonLiMi,  244 
Egga  of  turllfl  ul  Anfeuaiuit,  AT 

—  of  biidi  cmboddoJ  at  St.  Hclrmi, 
100 


—  on  inftuoria  In  tlu  Atagcoiaa 
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—  PamiHw,  211.  358 

—  Chuncn  ArfblpolHgo,  232 

—  Chibie.  333 

—  Chill',  23a 

—  \'iilpnrai»i),  239,  245 

—  Coqninibn,  247,261 

—  Quiutco,  261 

—  Iquiqac,  26.1 

—  Cobya,  20-- 


Elev 


1,  266 
fioii.  suJden,  al  S.  llaria.  216 
lit  L.'niu» 

inBeiisibli.Mit  Chilnp.  234 
insonsildo,  at  Vnlpamiso,  246 
insi'nsibli',  at  Coquimbii,  2S1 
BXea  of.  at  Chtlue.  3S7,  407 


Index. 


635 
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Eleration,  axes  oi^  at  P.  Rumeiia, 

397,  408 
< —  axes  of,  at  Concepcion,  399,  407 

—  unfavourable  for  the  accumu- 
lation of  permanent  deposits, 
416 
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foUation,  426,  429,  433,  434,441, 
447,  463,  468,  464 

—  lines  of,  oblique  to  foliation,  463 
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—  linos  of,  in  the  Cordillera,  472 

—  slow,  in  the  Portillo  range,  498 

—  two  periods  of,  in  Cordillera  of 
Central  Chile,  499 

—  of  the  Uspallata  range,  628 
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Ensenada,  elevated  shells  of,  191 
Entre  Rios,  geology  of,  334 
EqwM  curvidens,  336,  362 
Epidoto  in  T.  del  f  uego,  444 

—  in  gneiss,  459 

—  frequent  in  Chile,  475 

—  in  the  UspallaUi  range,  529 

—  in  porphyry  of  Coquimbo,  541 
Erman,  M.,  on  and&sito,  480 
Eruption,  fissures  of,  131,  142,  145 
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Faraday,  Mr.,  on  the  expulgioD  of 

carbonic  acid  gas,  9 
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—  fusibility  of,  138 
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Port  Desire,  438 

—  albitic,  478 
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—  in  granite  of  Portillo  range,  494 

—  in   porphyries   in    the   Cumbre 
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—  at  St.  Helena,  91 
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Fernando  Noronba,  27,  76 
Ferruginous  superficial  beds,  160 
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Jago,  16 
Fissures  of  eruption,  131,  142,  146 

—  relations  of,  to  concretions,  395 

—  upfiUed,  at  Port  Desire,  440 
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—  on  the  geology  of  T.  del  Fuogo, 
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FitzRoy,  Capt.,  on  the  elevation  of 
the  Falkland  Islands,  210 

—  on  the  elevation  of  Concepcion, 
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Flourian  de  IJellevue  on  spharulites, 
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125 

^  of  homblende'rock  in  gneiu,  423 
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QILL 

Qill,  Mr.,  on  brickwork  transported 
by  an  earthquake- wave,  272 

Gillies,  Dr.,  on  heights  in  the  Cor- 
diUera,  482 

—  on  extension  of  the  PortiUo  range, 
499 

Glaciers,  their  strictore,  80 
Glassiness  of  textnre,  origin  of,  70 
Glen  Boy,  parallel  roads  o^  260 

—  sloping  terraces  of,  295 
Glassopteris  Browniit  147 

Gneiss,  with  a  great  embedded  frag- 
ment, 140 

—  derived  firom  dayslate,  108 

—  near  Bahia,  422 . 

—  of  Bio  de  Janeiro,  425 

—  decomposition  of,  427 
Gneiss-granite,  forms  of  hills  of,  160 
Gold,  distribution  of,  581 

Good  Hope,  Cape  of,  166 
GK>rges,  narrow  at  St.  Helena,  103 
Gorodona,  formations  near,  332 
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—  axis  of  oblique  to  foliation,  453 
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—  of  Portillo  range,  494 
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Grauwacke  of  UNpallata  range,  516 
Gravity,  specific,  of  lavas,  132-140 
Gravel  at  bottom  of  sea,  214,  225 

—  formation  of  in  Patagonia,  219 

—  means  of,  transportation  of,  224 

—  strata  of,  inclined,  515 
Gravel-terraces  in  Cordillera,  290 
Greenough,  Mr., on  quartz  veins,  464 
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—  porphyry,  473 
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Guasco,  elevation  of,  261 
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Guitru-gueyu,  Sierra,  434 


HIPPUBITES 

Guyana,  gneissic  rocks  of,  424 
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86 

—  on  surface  of  the  ground  at  St. 
Helena,  98 

—  nodules    of,  in   gravel  at   Bio 
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—  deposits  of,  at  Iquique,  303 
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Herradura  Bay,  elevated  shells  of, 

250 

—  tertiary  formations  of,  403 
Himalaya,  valleys  in,  286 
Hippurites  Ckilensist  542,  548 


——,—  ,       "  fcfiatiiwi,  *I14 
—  4n  nri^in  "f  lixM  of  alvTsUun, 

MO.  fi«2 
HoniblcHlv-nick.  fragmonta  of,  in 

H<Mnt'l««d«->cMH.  BMT  H.  VidM, 
4» 

HfSMr,  Mr.,  on  •  ttitama-viiMai 
•nlxtanM.  02 


II»r 


>.  I/ix, 


Uunuton*.  dik*  cf.  4«S,  4S8 
HoTM.  fcniil  bmh.  nf.  »26,  336 
Huf'i  UUimL  ago,  4Ufl 
—  nUUIt-iiM  at,  118 
BsanliO"}^  mine"  <rf.  B77 
Hobbord,  Dr,,  m  dilww.  139 

tbollll,  iMl  t 

n  ulmldlnii  1 

D  ■phfmniliwii,  70 


ICEDICRaS   aclion     on     i^leacnge. 
\W.  4S2 
loclmid.  atntiflcnlion  of  tbo  dream- 

rBTontial  liilU.  lOS 
lUaple,  M«tinn  neur,  hi6 
Imperial.  b«l»  nf  iihiillii  nenr,  230 
InmntslinnH,  on  Hi..  P^nl's  rock.  38 
—  wiliwirooiiH,  lit  A«Biiiiion,  6B 


—  wliiH),  aOfl 
Infbkiiriii   in    I'niiipiN 

3 IS.  sal,  3Ze.  333 

—  In   I'aln^^oiiiuii    fimnation, 
371,  37i,  3Sfi,  ISO 


fonnHtiija, 


-  their  tlontian,  IM 


J  AGO,  .SU  3  _■ 

JmiM&kBd.  119, 1S3.  lU  ^ 

JiupeT.  oHpn  n£  AS  ^| 

Joinri.  in  cUyjUif ,  MT  ^ 

J<>Dn*n.  M.  Mureau  do,  on  ent«» 

aSeaiA  bv  vind.  42 
JiUbQ  JTernandoE.  144 
Juiie.«.  Mr.,   on   cleans  in  New- 


1.463 


KAMTSCH4TKA,aDd™it«  of.  480 
Enne,  Dr..  on  Uiv  production  of 

cnrlKinnte  uf  Kida,  Z74 
Keilhau,  M.,  on  granilA.  167 
KlcfccrRock.  114 
King  aeorga'i  Soimd,  160 
—  cnleareons  bed*  of,  24S 


LABRADOR    foUipar,     aJMtM, 
47 
LatcH.  oriKi"  of,  227 
^  freeh-water,  neurnlt  labes,  311 
lAiniDntion  of  mloDic  rocks.  74 
Land-abells,  extinct  at  Si.  Helens, 


-  felilipittliic,  24 

-  iritli  cpUb  f*mi-»mjgd»loid«J.  31 

-  bflhallio.  of  a  Cmz,  3BI 

-  clajatune  porphyc;,  at   Chiloe, 


Index. 


639 


LAVA 

Lava,  claystone,  ancient  sabmarine, 

477 

—  basaltic,  of  the  Portillo  range,  497 

—  feldspathic,  of  the  Cumbre  Pass, 
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—  snbmarine.of  the  Uspallata  range, 
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--ba6altic,of  theUspallata  range,528 
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—  composition  of  surface  of,  73 
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surfiices,  133 

Lead,  separation  from  silver,  134 

LemuB  Island,  389,  406 

Lemuy  Islet,  391 

Lesson 3I.,on  craters  at  A8cension,42 
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caves  in  Brazil,  360,  863 
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Malcolmson,  Dr.,   on  trees  carried 
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—  Pampean  formation  of,  337 
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—  remains  of  near  Lima,  268 
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—  doboDchemoDl  from  the  Cordil- 
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